Leaf area, dry matter production, and carbohydrate reserve levels of empire birdsfoot trefoil, Lotus corniculatus L., as influenced by cutting height by Greub, Louis John
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1968
Leaf area, dry matter production, and carbohydrate
reserve levels of empire birdsfoot trefoil, Lotus
corniculatus L., as influenced by cutting height
Louis John Greub
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Greub, Louis John, "Leaf area, dry matter production, and carbohydrate reserve levels of empire birdsfoot trefoil, Lotus corniculatus
L., as influenced by cutting height " (1968). Retrospective Theses and Dissertations. 3665.
https://lib.dr.iastate.edu/rtd/3665
This dissertation has been 
microfilmed exactly as received g 8-14,790 
GREUB, Louis John, 1933-
LEAF AREA, DRY MATTER PRODUCTION, AND 
CARBOHYDRATE RESERVE LEVELS OF EMPIRE 
BIRDSFOOT TREFOIL. LOTUS CORNICULATUS L., 
AS INFLUENCED BY CUTTING HEIGHT. 
Iowa State University, Ph.D., 1968 
Agronomy 
University Microfilms, Inc., Ann Arbor, Michigan 
LEAF AREA, DRY iylATTER PRODUCTION, AND CARBOHYDRATE RESERVE LSVii-Lii OF tJ^PIRE 
BIRDÛFOOT TREFOIL, LOTUS CORNICULATUS L., AS INFLUENCED BY CUTTING HEIGHT 
by 
Louis John Greub 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subjects: Crop Production 
Plant Phys>j.olog.v 
Heads of Major Departments 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1968 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION I 
RSVIM OF IITERArUHE 3 
Factors Influencing Growth and Yield 3 
Height and frequency of defoliation 3 
Morphological development ô 
Carbohydrate reserves and leaf area 7 
Growth Analysis l6 
Leaf area index l6 
Leaf efficiency • 18 
Crop growth rate ' 19 
Determination of Total Available Carbohydrates 22 
E;cbraction and hydrolysis 22 
Determination of reducing sugars 26 
MTERIiil^ AND METHODS 28 
Experimental Sites 28 
Treatments 32 
Sampling' Procedure 35 
Leaf area index 38 
Dry matter yields 39 
Crop growth rate and leaf efficiency 39 
Root and crown samples 40 
Carbohydrate Determination 4l 
Extraction and hydrolysis 4l 
Laboratory procedure 43 
Statistical Procedures 4? 
Climatological Information 48 
iii 
Page 
• RESULTS - PERIOD I (EARLY-SUMMER REGROWTH) 53 
Leaf Area 53 
Dry Matter Accumulation 58 
Yield 58 
Leaf efficiency 64 
Crop growth rates 6$ 
Stand 71 
Carbohydrate Levels 71 
Roots 75 
Crowns 84 
DISCUSSION - PERIOD I (EARLY-SUMMER REGROWTH) 94 
Leaf Area Development 9^ 
Dry Matter Accmnlation 95 
Carbohydrate Levels 101 
RESULTS - PERIOD II (LITE-SUMMER REGROWTH) 105 
Leaf Area 105 
Dry Matter Accumulation 108 
Yield 108 
Leaf efficiency ll6 
Crop growth rates ll6 
Stand and disease incidence 118 
Carbohydrate Levels . 126 
Roots 126 
Crowns 131 
DISCUSSION - PERIOD II (LATE-SUMMER REGROWTH) 145 
Leaf Area Development l45 
Dry Matter Accumulation l46 
Stand and Disease Incidence 148 
Carbohydrate Levels I5I 
iv 
Page 
GENERAL DISCUSSION 155 
SUMMARY 174 
LITERATURE CITED 180 
ACKNOWiaDGEMENTS 188 
APPENDIX A 189 
Special Experiment I: Extraction and Hydrolysis of 
Total Available Carbohydrates 
Comparing Two Enzymes 190 
Materials and methods 190 
Results and discusiion 193 
Summary 199 
Special Experiment II: Effect of Fineness of Grind of 
Sample on Total Available Car­
bohydrates 201 
Materials and methods 201 
Results and discussion 202 
Summary 205 
Special Experiment III; Effect of Periodic Agitation 
During Enzyme Extract 20? 
Materials and methods 207 
Results and discussion 208 
Summary 208 
APPENDIX B . _ 210 
1 
. INTRODUCTION 
Birdsfoot trefoil is an important forage legume in areas of northeast 
and central United States and in many other countries» There has "been 
increasing interest in its potential as a forage crop because of its non-
bloating properties, its adaptability to grazing (Wedin ^  al,, 19^7)j as 
well as the increase in alfalfa weevil infestation in certain alfalfa 
growing areas» 
The Siipire variety is a relatively prostrate typs widely used in 
pastures under long-term grazing. Under most conditions the productivity 
of trefoil has been recognized to be lower than that of alfalfa. Early 
work centered mainly on experiments attempting to determine management 
practices which improve productivity. These experiments generally involved 
seedling vigor and establishment, effect of species combinations, or effect 
of height and frequency of defoliation on yield, stand, and other related 
parameters. Only recently have any reports appeared in the literature 
regarding investigations into physiological and morphological factors of 
growth and development which may be directly or indirectly associated with 
its lower capacity for dry matter production. 
The existence of differential growth characteristics and carbohydrate 
reserve patterns in trefoil as compared with red clover (Smith, 1962a) or 
alfalfa has been well established (Smith, 1962a; Greub, I966; Smith and 
Nelson, I967; Nelson and Smith, 1968a; Nelson and Smith, 1968b), The 
specific reasons for the failure of trefoil to match alfalfa in productivity 
are not yet clearly defined but factors in the morphological development, 
canopy structure, and photosynthetic efficiency have been implicated 
(Rhykerd et ^ ,, 1959; Nelson and Smith, 1968a; Nelson and Smith, 1968b), 
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It has also been shaim that the management practices which lead to 
maximm trefoil production vary with the manner in which it is utilized 
(hay or grazing), previous management, and environmental conditions. 
Trefoil appears to persist better than alfalfa under conditions of frequent 
defoliation provided some stubble remains (Pierre and Jackobs, 1953; Duell 
and Gausman, 1957; Beardsley and Av.derson, 19^0; Smith and Nelson, 19^7). 
Morphologically, trefoil has different growth habits than alfalfa. 
Its regrowth following defoliation comes almost ex<0.usively from axillary 
buds (MacDonald, 19^6; Smith, 1962b; Nelson and Smith, 1968a), Therefore, 
it would seOT reasonable to investigate the -stembase-crown portion as a 
possible site for carbohydrate storage. 
Earlier research (Greub, I966) comparing leaf area index (LAI), dry 
matter yields, and carbohydrate reserve levels of trefoil and alfalfa under 
no-cut and three-cut managements indicated that total leaf area produced 
by trefoil need not be a limiting factor in the lower productivity. Initial 
leaf area development following defoliation was slow, and there appeared to 
be little dependence on root carbohydrates during summer regrowth when 
compared with alfalfa. The results of the study indicated that residual 
leaf area may be a more important source of carbohydrates for regrowth than 
carbohydrate reserves in the roots with a differential use of carbohydrates 
by the tifo species. 
The present study was undertaken to determine quantitatively if resid­
ual leaf area is of any significant advantage for dry matter production 
during regrowth and to investigate the interaction between residual leaf 
area and carbohydrate reserve levels in terms of total available carbohy­
drates (TAC) in the roots and crowns. 
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REmr OF LITERATURE 
Factors Influencing Growth and Yield 
Less effort has been expended investigating the growth and physiology 
of birdsfoot trofoil than with alfalfa or forage grasses such as orchard-
grass or perennial ryegrass. Although some general principles are begin­
ning to emerge regarding management of trefoil for maximum yield (Beardsley 
and Anderson, I96O; Smith and Nelson, 19^7; Nelson and Smith, 1968a), 
little is knotcn about the physiological factors involved and their inter­
actions •vri.th each other and the environment. 
Height and frequency of defoliation 
Several workers have conducted experiments involving height and 
frequency of defoliation on trefoil in pure stands or in combination with 
other species in an attempt to determine management effect upon yield and 
stand survival, 
Pierre and Jackobs (1953) conducted cutting treatment studies on an 
erect-type Italian strain and a New York strain of Bipire described as semi-
prostrate. They reported higher yields during the first year of cutting 
from the plots cut at a one-inch height over those cut at the four-inch 
height but ob'cained a better response from the four-inch treatment the 
second year. Highest seasonal yields were obtained when cut at the hay 
stage near full bloom. They reported that the cutting treatments had more 
effect on yields of the Italian strain than the New York strain and the 
Nevr York strain survived the effects of cxLose, frequent, and late cutting 
without any apparent loss of stand whereas the Italian strain did not. 
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Wall (1957) compared the semi-prostrate Empire with an upright Euro­
pean variety under several combinations of cutting height arid frequency, 
fertility, and companion species and found that yields of Empire were not 
affected by cutting height while yields of the upright European variety 
were reduced when the cutting height was two inches compared to four.inches. 
Frequent cutting (eight times versus two or four) reduced yields of both. 
varieties, but Empire exhibited better recovery, based upon residual yields 
take;; the third year* There were significant interactions among various 
treatments and varieties which indicated varietal responses were not 
consistent for all treatments. 
Stands and yields were reduced by cutting at one inch compared with 
three inches in work reported by Duell and Gausman (1957) on an erect 
European strain of trefoil. They also obtained highest yields by cutting 
at longer intervals (l/lO bloom). Davis and Bell (1958) reported that 
three years of continuous grazing by lambs killed a stand of an imported-
type upright variety. Templeton ^  al. (19^7) found severe reduction in 
stands of trefoil under continuous grazing, but they were able to greatly 
improve the stand and productivity when grazing was discontinued for 
eight to ten weeks during the summer to permit natural reseeding. 
The responses to cutting frequency and height of cut by Empire trefoil 
and Vernal alfalfa have been compared by Smith and Nelson (I967). Their 
data indicated significant ^ecies by treatment interactions and also 
different responses by each species in the second year when compared to 
the first year. When evaluating effect of stubble height, they obtained 
increased yields of both i^ecies with decreasing cutting heights (15«2, 
7.6, and 2.5 cm.) except the birdsfoot trefoil cut six times yielded more 
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at the 7,6 cm, cutting height. In the second year the results for trefoil 
were nearly reversed for cutting height -with a greater adverse effect on 
yield as cutting frequency increased. In a second experiment wherein 
Bupire trefoil was cut with the stems either pulled upright or left in a 
natural position, highest yields were obtained with the upright stubble 
management; but residual forage yields, root weights, and plant numbers 
in the subsequent year indicated a carry-over effect in favor of manage­
ment practices allomng more residual stubble the previous year. 
Based on the data of various experiments, the conclusion of Pierre 
and Jackobs (1953)» Beardsley and Anderson (I960), and others that Sipire 
can be harvested frequently but not closely appears correct when considering 
the long-term effects. 
The data suggest that the more upright European types of trefoil 
respond to harvesting managements more similarily to alfalfa than to 
Bnpire in that increased residual stubble and leaf area remaining after ' • 
defoliation may significantly increase yields as defoliation frequencies 
increase to six or more times per season (Pierre and Jackobs, 1953; Duell 
and Gausman, 1952; Wall, 1957; Davis and Bell, 1958; Ridgman, I96O; 
Bryant and Blaser, 19^3; Smith and Nelson, I967)* IVhether the basis for 
the differences in response of the two types of trefoil is physiological, 
morphological, or a combination of both is not (J.ear. The regrowth response 
of alfalfa has been generally attributed to its dependence upon food 
reserves and the origin of regrowth buds being in the crown. The degree 
to which upright types of birdsfoot trefoil may be similar or dissimilar 
has not been fully investigated. 
In work ifith other species, Gervais (I96O) found that Ladino clover . 
and Ladino clover-grass mixtures gave highest yields when cut to l-g- inches 
rather than 3 inches when averaged over cutting frequencies of two, fourj • 
and six times per year. Cutting to if inches also maintained the highest 
proportion of clover in the sward. Highest yields were obtained with the 
lowest frequency of cutting. 
Investigating the effect of cutting management on an established 
sward of ryegrass-whit© clover mixture, Reid (1959) obtained a 39 to 49 
percent yield increase and an increased crude protein yield of the mixed 
herbage when cutting at one inch compared with cutting at 2|- inches. He 
postulated the increase may have been due to a stimulatory effect on ston 
and leaf formation in the grasses. The higher cutting height allowed 
inflorescence to occur reducing tiller and leaf development. 
Morphological development 
The growth habits of a plant can have considerable effect on its 
ability to yield and persist under various management regimes. Smith 
(1962a) observed that Empire trefoil produced no new growth from crown 
buds'after,initial spring growth until-autumn. Stem'growth during the 
summer was sQmost exclusively from axillary buds. 
Nelson and Smith (1968a) have recently reported a detailed study of 
the morphological development of Ehpire trefoil compared viith that of 
Vernal alfalfa. They found that the total dry weight increase of a two-
year-old trefoil stand came chiefly from topgrowth with the roots and 
crovms remaining relatively constant, whereas crowns and roots increased 
in weight in the alfalfa. Trefoil branched much more profusely than 
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alfalfa, and regrowth following defoliation came mainly from axillary 
buds at nodes on the upper ends of the cut shoots. They suggest the active 
growth of upper axillary branches may limit bud formation at sites closer 
to the crown until fall when top growth activity is reduced and carbohy­
drate availability increases; and the initially slower rates of regrowth 
when compared with alfalfa following defoliation are probably due to the 
lack of already-formed buds and carbohydrate source, neither of which are 
lacking in alfalfa under infrequent cutting. The authors indicated that 
diseases of the crotrm and root may have been a significant factor in the 
death of some old plants in the stand, but the population was apparently 
maintained through the establishment of new plants from seed. 
Variation in canopy structure and leaf arrangement can affect its 
light interception efficiency (Kasanaga and Monsi, 195^)* Nelson and 
Smith pointed out the advantage of alfalfa over trefoil in this respect 
due to its increased height at similar leaf area index (lAI) values. 
Carbohydrate reserves and leaf area 
Carbohydrate reserves have been described by Graber et (192?) 
as those carbohydrates manufactured, stored, and utilized by the plant 
itself for maintenance and production of future top and root growth, 
Weinmann (19^7) defined total available carbohydrates (TAC) as: 
.including all those carbohydrates which can be used in the 
plant body as a source of energy or as building material, either 
directly or indirectly after having been broken down by enzymes," 
Carbohydrates appear to be the most readily available source of energy 
or building material for the plant although there is evidence 
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that proteins in the roots may also be utilized during regrowth (Davies, 
1965; Davidson and Mil thorp e, 19^5; Sommer, 19^6; Dilz, I966; McHroy, 
1967). 
Dilz (1966) found a better relationship in perennial ryegrass betvreen 
subsequent herbage yield and total Kjeldahl nitrogen present at time of 
cutting than with the soluble carbohydrates. He concluded that proteins 
have as important a role in regrowth as carbohydrates. 
The role of carbohydrates in the regroifbh of forage species has been 
reviewed by May (I960) and Weinmann (I961) while the carbohydrate fraction 
present in grasses and some legumes has been reviewed by McHroy (I967), 
Considerable work has been carried out in Great Britain, particularily with 
grasses, on the influence of carbohydrate reserves on rate of regrowth, 
yield, and moi^hological development. The results and interpretations are 
not always in agreement, and the data appear to vary with the species used 
and the conditions under which the experiment was carried out. 
The carbohydrate fractions generally found in legume roots are starch, 
sucrose, glucose, and fructose with starch as the main storage form but 
mth considerable sucrose present during late fall, winter, and early 
spring (Graber ^  al., 19^7; Smith, 1962b; Nelson and Smith, 1968b). 
Nelson and Smith (1968b) have reported that the relative proportions of 
the carbohydrate fractions starch, sucrose, glucose, and fructose making 
up TAG are similar in alfalfa and trefoil at all growth stages. 
Trefoil, hoifever, maintains its reserves at much lower levels during 
the summer and has a much less pronounced cyclic response pattern to 
cutting treatments than does alfalfa (Smith, 1962a; Greub, I966; Nelson 
and Smith, 1968b), The low levels of reserves are maintained even when the 
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sward is left uncut during the entire growing season. This implies a 
differential role of carbohydrate reserves in the physiology of trefoil 
during regrowth compared with other legumes such as alfalfa or red clover. 
Using 0.8 N H2S0^ for extraction and hydrolysis, Smith (1962a) 
reported TAC values in trefoil of approximately 30 percent of root dry 
weight in early spring and late fall. The level declined rapidly during 
spring regrowth and remained near 12 to 15 percent during the summer 
whether cut tid-ce, three times, or not at all, Greub (I966) using a 0.2 N 
acid extraction and hydrolysis found a similar pattern, but summer levels 
of TAC ranged only from five to eight percent with little evidence of 
cyclic response to cutting. A later reanalysis of these samoles using 
takadiastase and amyloglucosidase enzymes indicated that even lower levels 
of TAC were maintained during the summer. These values ranged from three 
to five percent between May 5 and August 9 under both the three-cut and 
no-cut managements. The higher values obtained with the acid methods were 
most likely due to the breakdown of hemicellulose, other structural poly­
saccharides, or both, (Grotelueschen and Smith, 19^7). 
Forage grasses tend to accumulate carbohydrates mainly in stem and 
leaf bases and in rhizomes, if present. Storage in temperate region 
species is largely in the form of fructosans whereas starch is an 
important storage form in subtropical and tropical species (Weinmann, I96I; 
Smith, 1962b). 
Workers investigating carbohydrates in grasses often report results 
as soluble sugars or soluble carbohydrates. Fructosans, sucrose, glucose, 
and fructose are all soluble in aqueous solutions; and if fructosans and 
sucrose are hydrolyzed, resulting reducing sugars will represent 
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nearly all of the reserve carbohydrate material in most temperate species 
(Weimann, 19^1; Smith, 1962b; McHroy, 19^7). 
One of"the problems in attempting to carry out experiments elucidating 
the role of carbohydrates is to apply treatments which will reflect the 
influence of carbohydrate levels and not be confounded with factors such as 
as reduced root development. May (I960) has contended that many of the 
experiments involving carbohydrate reserves have failed to take into 
account the treatment effects on root development. 
Davies (19^5) studied the effect of soluble carbohydrate levels on 
regrowth of three perennial ryegrasses. He attempted to induce differential 
carbohydrate reserve levels while minimizing the effect on root growth 
through pretreatment with various combinations of temperature, dark periods, 
and nitrogen fertilization. The leafage yield during regrowth immediately 
folloifing cutting was affected by the pretreatments, and this was partially 
associated with the different carbohydrate levels present in the stubble 
at cutting time. The dry weight accmulation rates appeared to be indepen­
dent of pretreataent effect once regrowth got underway. The carbohydrate 
levels in the stubble of the high carbohydrate plants declined markedly 
during the first few days and then began to increase whereas in the low 
carbohydrate plants, there was little or no decrease in the reserve level. 
Rather, the levels began to increase very slowly after cutting. The tetra-
ploid-type ryegrass maintained higher levels of carbohydrate reserves under 
nearly all conditions than did the other two types which were diploid. 
In an experiment using perennial ryegrass, Alberda (I966) also attempted 
to bring about changes in carbohydrate levels while keeping the associated 
effects on the roots at a minimum. Half of the plants were grown in the 
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dark at 30° C, in nutrient solution and half in water at 15° C. in contin­
uous light for a period of days prior to defoliating. Large differences 
in dry matter production subsequent to a cutting treatment'were obtained 
with the pretreated plants, TKrice as much new leaf dry weight was produced 
above the cutting level after two weeks by the high carbohydrate plants as 
compared ifith the low level plants. In plants where carbohydrate levels 
were high at time of cutting, the levels declined rapidly the first few 
days whereas those of the low level plants declined only slightly indicating 
response similar to that reported in Davies' study. Both Davies (19^5) 
and Alberda (1966) reported higher respiration rates in the high carbohy­
drate plants compared with the low level plants following defoliation. 
Root respiration and rate of root extension in Alberda* s study declined 
with increasing severity of the defoliation treatment and recovered more 
rapidly in the less severe treatment. The root respiration findings are 
in agreement with those reported by Thomas and Hill (1949) for alfalfa. 
Thus, one might suspect the increased respiration rates observed by Davies 
(1965) and Alberda (I966) in plants with higher carbohydrate levels may 
be due largely to root re^iration behavior following defoliation. The 
decrease in root respiration can be attributed to the reduced root growth 
and the reduced need for mineral nutrients and water, the uptake and/or 
translocation of which are known to involve metabolic activity (Brouw-er, 
1965), especially with regard to mineral nutrients. The higher respira­
tion in the higher carbohydrate level plants reflects the metabolic 
activity of growth processes still continuing in the root and shoot and/or 
the mobilization of metabolites for new growth. The influence and inter-
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actions of growth, hormones or the lack of them due to defoliation effects 
can only be hypothesized. 
Humphreys and Robinson (1966) carried on a series of experiments with 
the subtropical' grasses green panic ^Panicum maximum var, trichoglume (K. 
Schum.) Eyles)) and buffel grass (Cenchrus ciliaris L. cv, Gayndah), A 
green panic sward was defoliated to three intensities: lenient, medium, 
and heavy. The results summed over 12 post-defoliation periods, each of 
six weeks in duration, showed the greatest regrowth to occur under the 
heavy defoliation treatment with the leaf portion responsible for the 
increased yield. This result was attributed to the compensating effect 
of a high net assimilation rate in the most severely defoliated treatments, 
the effect of flowering in inhibiting axillary bud expansion and growth, 
and intermittent checks on growth by moisture or nitrogen shortage which 
limited total leaf expansion. Brougham (195^) also reported a higher leaf 
efficiency for a mixed grass and legume sward defoliated to one inch. 
In a second e^çeriment Humphreys and Robinson (1966) attempted to 
vary the carbohydrate status of green panic crowns and roots through differ­
ential defoliation frequencies and nitrogen nutrition. Subsequently, 
under adequate fertility, they varied the LA.I so as to be independent of 
carbohydrate level during regroxrth. An approximate three-fold increase in 
reserve carbohydrate level was only a fraction as effective in increasing 
yield as was a residual LAI increase from 0.00 to 0,75« The proportion of 
whole-plant growth distributed to the roots was positively related to 
residual lAl, 
Several studies have been carried out to investigate the effects of 
nitrogen fertilization on carbohydrate reserves and regrowth of forage 
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grasses in combination with cutting management. Bommer (19^6) subjected 
three perennial grasses to different cutting frequencies and nitrogen 
levels. The effect of cutting on soluble carbohydrate levels varied with 
the species and the season. Generally, the more frequent cutting resulted 
in lower carbohydrate levels. Nitrogen generally increased carbohydrate 
levels in undisturbed growth, but when applied with frequent cutting, the 
effects varied with the species and were not clear-cut, 
Colby et al, (I966) observed that soluble carbohydrate reserves in 
orchardgrass decreased sharply following application of nitrogen and in 
proportion to the amount used. Heavy nitrogen fertilization followed by 
hot, dry weather reduced reserves to low levels and resulted in poor growth 
recovery and serious plant injury. Under higher rates of nitrogen, lower 
carbohydrate reserve levels were maintained. Brown and Blaser (19^5) 
reported higher dry matter yields and lower carbohydrate reserve levels 
with increased nitrogen application on fall regrowth of orchardgrass and 
Kentucky 31 fescue. . 
Brown and Blaser (19^5) investigated fructosan accumulation and growth 
rates of several perennial forage grasses during the fall as affected by •_ 
cutting date. Kentucky 31 fescue was defoliated on September 6 or 20. 
Sampling of dry matter yield and fructosan content (tops + stubble) was 
begun September 20 on those plots cut September 6 and October 4 on those 
plots cut September 20, In comparing the data from the two treatments 
over the period from October 4 to October 10, it appears there were differ­
ential rates of dry matter accumulation and fructosan storage. Following 
a decrease in temperature during the week of October 10 to 17, the rates 
of - dry matter accumulation were reduced but appeared to be equal for the 
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two treatments as were the rates of fructosan accumulation. The authors 
concluded soluble carbohydrate storage in orchardgrass is simply a positive 
energy balance, and accumulations are the result of energy in excess of 
growth requirements. Since there was considerably more leaf area accumulated 
on the early cut sward, it would seem likely that even though dry matter 
accumulation may have been arrested by reduced temperatures, the rate of 
fructosan accumulation in the older sx^ard should have been greater than in 
the. younger, but lower LAI, sifard. The reduced photosynthesis efficiency 
of older leaves may have been a factor preventing this from occurring 
(Brown gk ^ ,, I966), No root weight or root carbohydrate data are given, 
and the partition of photosynthate between roots and tops cannot be examined* 
Rates of carbohydrate decline showed little relationship to demand 
due to the level of nitrogen applied during the initial phases of regrowth 
in the experiments of Brovm and Blaser (19^5), The data of Colby et al». . 
(1966) also do not appear to show any association betifeen rate of decline • 
and growth demand due to nitrogen level. Lower nitrogen levels resulting 
in lower yields generally caused earlier reversal of carbohydrate movement 
in both studies. In the latter study, however, data on orchardgrass in 
Japan showed a later minimum when no nitrogen was applied. 
The higher respiration rates of higher carbohydrate lev^ plants as 
reported by Davies (19^5) and Alberda (I966) may be the factor offsetting 
growth demands, thus maintaining similar rates of decline in carbohydrate 
levels, 
Carlson (I966) investigated the growth of seedling Ladino clover 
leaves on plants subsequent to defoliation versus those developing on control 
plants which had not been defoliated and found no evidence that the level 
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of TAC influenced the rate and amount of leaf area development, but the 
presence of older leaves reduced the rate of development. Ke concluded 
that carbohydrate reserves Were probably not limiting and postulated that 
younger leaves compete with older leaves for photosjmthate or are influenced 
by growth regulators of some type produced by older leaves. 
In contrast to this, Davidson and Milthorps (1966a) reported a positive 
relationship between rate of leaf expansion and total soluble carbohydrate 
content of orchardgrass stubble when carbohydrate content was varied by a 
dark treatment. The relationship did not hold when defoliation and subsequent 
growth were used to vary carbohydrate levels. The effect of leaf removal 
upon leaf expansion was influenced by the nutrient status. The data of 
their study indicated that not all of the carbohydrate reserves were avail­
able for regro^fbh when orchardgrass was grown in compléta darkness. 
Davidson and Milthorpe (1966b) reported investigations of respiration, 
COg uptake, and apparent carbon movement in orchardgrass. The results sug­
gested the carbohydrate reserves of the leaf and stem bases were the pri­
mary contributors to initial leaf expansion but that the rate of photosyn­
thesis and rate of nutrient uptake soon became the factors influencing 
rate of growth. They suggested that further dependence upon carbohydrate 
reserves becomes difficult to assess because of the complex interrelation­
ships which control growth in intact plants. 
During the 4 to 48 hour period after defoliation of the orchardgrass, 
the high carbohydrate plants produced more new leaf growth (177 versus 35 
mg.) and new root extension (7.2 versus 0.0 mm.) than the low carbohydrate 
plants (Davidson and Nilthorpe, 1966b). The reserve carbohydrates in the 
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high level plants were inadequate to meet metabolic demands as other 
labile substances apparently were used according to their balance sheet 
calculations. The authors concluded that new photosynthate, reserve 
carbohydrates, and perhaps labile protein all form a labile pool in the 
plant. None is used preferentially, except that photosynthate and reserve 
carbohydrates within an expanding leaf may be of immediate value in the 
regrotrbh of orchardgrasso The reduced dependence upon root reserves in 
grasses such as orchardgrass is logical since the roots presumably are not 
the major carbohydrate storage organs as they are in forage legumes. 
Growth Analysis 
Crop growth is a function of several components which interact with 
each other and the environment to influence dry matter yield. The appli­
cation of the concepts involving these components can provide insight 
into factors affecting growth and development. It must be borne in mind, 
however, that the extent to which biological data can be expressed in 
terras of mathematical functions and relationships may have limitations 
which need to be recognized in applying the concepts and interpreting the 
data. Radford (l^S?) has recently reviewed the usefulness and limitations 
of grotrth analysis formulae and presents some guidelines for applying them. 
Leaf area index ^ 
A useful cor.cept for indicating the amount of leaf area present in a 
canopy is the leaf area index (LAl) which is the amount of leaf area 
(one side) per unit land area (Watson, 19^7)» The term has been used 
extensively as a basis for representing the photosynthetic surface avail­
17 
able in gmrth analysis studies on crops of all types, .but its usefulness 
has some limitations. The determination of lAI, especially on forage 
species, is a'tedius, time-consuming task subject to error and variation* 
Then too, leaf angles and arrangment influence the efficiency of light 
interception. With the increasing use of infrared gas analyzers to 
measure photosynthesis of entire canopies, a more direct approach on the 
problem of photosynthetic capacity and efficiency may be made. Neverthe­
less, lAI is still a useful concept (Radford, I967), especially for forage 
legumes, where the apportionment of dry matter between stems and leaves 
can make important differences in nutritive value (Morrison, 1951; IlacDonald, 
1946) as wd.1 as photosynthetic potential (Watson, 19^7; Brougham, 1958a), 
Few data are available to indicate the LAI of trefoil, but in those 
studies reported thus far the values attained are similar to those found -
in other forage legumes. Maximum or ceiling LAI for forages may range 
from five to nine or even more in grass swards. An alfalfa sward in 
Michigan attained a maximum of 5.1^ prior to first cut (Fuess, 19*^3). 
Mick (1961) found an LAI of 7.19 1% Vernal alfalfa at time of first cut 
in mid-June. 
In previous work comparing alfalfa and trefoil, Greub (19^ 6) found 
leaf area development of trefoil to be initially slower than that of 
alfalfa-, but under a three-cut management, it attained values as high or 
higher than those of alfalfa except during fall growth. Trefoil attained 
L1I values of 3.14, 4.82, and 4%95 at the first, second, and third cuttings, 
respectively, compared to 4,73» 3.48, and 3.21 for alfalfa for the same 
three cutting dates prior to September 1. The low value for trefoil at 
first cutting reflects stands which were less than optimum. However, a 
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maximum lAI of 6,03 was recorded for a trefoil sward in replication I where 
the stand was excellent. This was higher than any single plot value recorded 
for alfalfa in the same experiment. Under uncut conditions the LAI of both 
^ecies declined gradually after attaining a maximum in early to mid-June, 
The lAI data for alfalfa and trefoil reported by Nelson and Smith 
(1968b) followed similar patterns except that the decline after reaching 
a maximm was rather precipitous in both species. This may have been due 
to an increased loss of leaves because of lodging. 
The LAI at the time of maximum crop growth rate has been termed the 
optimum LAI (Kasanaga and Monsi, 195^; Donald, I961). At or near this 
time the sward is usually intercepting approximately 95 percent of the 
incident solar radiation (Brougham, 1956). 
Leaf efficiency 
Brougham (1956) calculated a leaf efficiency value which he defined as 
average daily herbage dry matter increment. 
leaf area 
After approximately six days, leaf efficiency was inversely related to . ' 
height of defoliation with the five-inch treatment showing a gradual 
decline over the entire growth period. The one- and three-inch treatments 
attained maximum efficiencies approximately I6 to 18 days after defolia­
tion and declined therafter. 
The leaf efficiency determination appears to be similar to the net 
assimilation rate (UAR); but as defined by Brougham, it is based only on 
the above ground growth and is estimated directly from the crop growth 
rate and LAI data. The difficulty of meeting the assumptions necessary 
to. calculate MR using the equations discussed by Radford (196?) and the 
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possibility of obtaining erroneous results when assumptions are not met 
(Evans and Hughes, I962) make the leaf efficiency concept attractive. 
Few MS. data are available on mature stands of trefoil, Rhykerd 
et al, (1959) found the NAR of trefoil seedlings to be less than that of 
alfalfa seedlings, Shibles and MacDonald (I962) found no difference in 
the NAR of Viking (upright type) and Ehpire (prostrate type) seedlings. 
The data of Nelson and Smith (1968b) indicated that NAR values of trefoil 
during early season grmrth were generally higher than those of alfalfa. 
Following first and second cuttings, there was no consistent difference. 
The effect of age in reducing photosynthetic efficiency has been 
reported by several workers. Puess (19^3) measured net photosynthetic 
rate of alfalfa leaves with a Warburg respirometer and found that leaves 
more than three-weeks old were less than one-seventh as active as five-
day old leaves, Hopkinson (1964) measured photosynthesis on an attached 
cucumber leaf and reported that the rate of true photosynthesis per unit 
leaf area at 33 days was less than 25 percent of its value at 15 days, 
Brcwn et al, (I966) found leaves taken from the bottom of alfalfa 
plants to be only half as efficient in CO2 intake as top leaves. They 
also reported similar reduced efficiencies for lower leaves on reed 
canarygrass and white clover plants and concluded that the low photosyn­
thetic efficiency of lower leaves made residual leaf area in a sward of. • 
doubtful value in promoting rate of regrowth. 
Crop gro-frrth rate 
The crop groî-rth rate (CGR) is the increase of plant material per unit 
time per unit land area (Watson, 1958), Mathematically, it can be expressed 
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CGR = M at any instant in time; 
or the mean CGR over a time period, t^ to t2 is 
- % 
% - «1 
provided that ¥ varies without discontinuity from t^ to t2 (Radford, 196?). 
is the dry weight at the beginning of time period t^^, and Wg is the dry 
weight at the end of time period tg. It can be shown also that CGR consists 
of the components NAR x LM, 
One problem which becomes evident is whether to use only the above 
ground dry weight or to include the whole plant (tops + crowns + roots). 
Both methods have been used in calculating NAR and CGR values. 
Another and perhaps even more vexing problem is attempting to fit 
mathaiatic functions to crop growth data so that relationships can be 
quantitatively calculated and other functions derived which express valid 
relationships without making additional assumptions (Radford, I967). 
Murtagh and Gross (I966) fitted growth data from fescue and rice to three 
functions which were selected for their apparent suitability for fitting 
to the experimental data, especially over the period of rapid growth, 
and also for lack of any restriction on the point of inflection. They 
then calculated crop growth rates and inflection points and from a some­
what similar treatment of LAI data, optimum LAI values were derived. 
Considerable variation was found in point of inflection (days after 
sowing), optimum LAI, and maximum CGR due to method of calculation. 
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In an experiment in which perennial ryegrass was defoliated to leave 
three different amoimts of LAI, Anslow (19^5) found no significant rela­
tionship among growth rate, LAI, and light penetration. He concluded that 
higher growth rates could not be obtained by considering this relationship. 
Brougham and Glenday (19^7) pointed out that this was contrary to results 
of much previous work in New Zealand and Australia and suggested that 
logistic equations could be fitted to the data in place of the linear 
relationships presented by Anslow, Anslow (19^7) agreed that during one 
of the experimental periods the logistic function resulted in smaller 
residual sums of squares, but he showed that in other periods the fit was 
not as good as with a linear function and that there were problems in 
interpreting a logistic curve with many of the data. 
Nelson and Smith (1968b) compared CGR of trefoil and alfalfa (tops 
+ stubble + root portion harvested) and found that trefoil did not attain 
as high values as alfalfa but maintained optimum values over a broader 
period of time especially during early-season growth, Ifhen cut twice 
prior to September 1, negative CGR values were generally found for both 
species at the ends of,the growing periods and for alfalfa during the 
initial phase of regrowth after cutting. 
Brougham (195^) found maximum CGR in a grass-clover sward at the 
time when approximately 95 percent of incident light was being intercepted 
by the sward. This occurred in the sward defoliated to 1, 3» or 5 inches 
'at-24, 16, and 4 days, respectively. Growth rates remained essentially 
constant once 95 percent interception was achieved. 
It has been postulated that if a pasture sward can be kept at or near 
the optimum LAI value the maximum rate of dry matter production will be 
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continuously maintained (Brougham, 195^; Davidson and Philip, 1958). The 
latter two authors have elaborately illustrated theoretical LAI ranges to 
be maintained for maximum efficiency of production. 
Determination of Total Available Carbohydrates 
Numerous procedures have been reported regarding the extraction and 
determination of carbohydrates. Modem chromatographic techniques have 
recently been applied to evaluate and compare the results from several, 
procedures commonly used in carbohydrate determinations (Grotelueschen 
and Smith, I96?). 
Extraction and hydrolysis 
A saliva preparation was used for starch hydrolysis in some of the 
early classical analyses of legume root tissue (Graber et al. I927). 
Horton (I921), Weinmann (19^7)» Lindahl et al, (1949), Smith et al. (1964) 
and others have reported using talcadiastase usually followed by an acid 
hydrolysis to obtain complete conversion to monomeric reducing sugars. 
Sulphuric acid solutions of various concentrations have also been used 
(Reynolds and Smith, 19^2; Smith, 1962a; Smith et al., 1964; Grotelue­
schen and Smith, I967). 
Temperate region perennial species of the Gramineae generally store 
reserve carbohydrates as polymers of fructose (fructosans or fructans) 
which are water soluble and easily hydrolyzed to monomeric reducing units. 
Some sucrose, glucose, and fructose is also present (Mcllroy, I967). 
Forage legumes commonly store starch as reserves with considerable 
sucrose present during late fall, winter, and early spring (Graber et al., 
1927; Smith, 1962b), Grotelueschen and Smith (I967) also found 2,0 and 
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3.3 of 26,1 percentage units of the total carbohydrate were raffinose and 
maltose, respectively. Minor amounts of glucose and fructose were also 
present. 
The nature of the extraction and hydrolysis procedure must take into 
account the species analyzed and the objectives of the study. Detailed 
procedures have been developed for quantitative extraction, and hydrolysis 
if necessary, of various carbohydrate reserve fractions such as starch, 
sucrose, glucose, and fructose (Davis and Daish, 1914; Horton, I92I; 
Loomis, 1935; Loomis and Shull, 1937; Heinze and Murneek, 1940; Weinmann, 
1947; Lindahl al., 1949; Mcllroy, 1946; Laidlaw and Reid, 1952; 
A, 0, A» C., I96O; Faruholmen et al., 19^4; Smith et al.. 1964). 
In most studies related to the management of forages, the TAC content 
of legumes or total soluble carbol^rdrate content of grasses has been of 
most value in interpreting the relationship between reserve carbohydrates 
and regrowth following defoliation. 
Fructose, ^ ucose, and sucrose can be removed simultaneously by 
extraction with 80 percent ethanol if it is desirable to separate these 
fractions from starch and water-soluble dextrins (Loomis and Shull, 1937), 
Smith ^  al. (19^4) compared takadiastase, 0,8 N HgSO^, 0.2 N H2S0j^, 
hot water, and cold water extraction using alfalfa roots and timothy stem 
bases. Strikin^y similar results were obtained for both species when 
0,2 N H2SO21, or takadiastase was used. The close agreement covered the 
entire season for timothy, but unfortunately only samples prior to July 1 
were included for alfalfa. These early season samples were apparently 
relatively low in starch and high in sucrose and did not reflect the inabil­
ity of the 0,2 N I^SO^p to hydrolyze starch. That such is the case has 
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become evident in the work reported by Grotelueschen and Smith (I967), 
Total nonstructiu'al carbohydrates of an alfalfa root sample analyzed 
using 0*2 N were found to be about half the value obtained when 
takadiastase was used. An 0.8 N H2SO/J, solution gave values close to the 
enzyme value (28.2 and 30.2 percent, respectively). This appeared to 
be due to several compensating effects, namely; some fructose was destroyed, 
there was incomplete hydrolysis of starch, and some hemicellulose was 
hydrolyzed as evidenced by the presence of xylose, arabinose, and galactose. 
In the earlier work 0.8 N HgSOij. gave considerably higher values than the 
0.2 N and enzyme extraction (Smith et al., 19^4). 
Total available carbohydrates hydrolyzed by 2 percent 0.2 N 
H2SO21,, takadiastase, or alpha-amylase, and those extracted with 80 percent 
ethanol have been compared using Midland bermudagrass which stores starch 
as a reserve carbohydrate (Burris et al., 19^7), Similar trends were 
found in carbohydrate levels, but there were up to four-fold differences 
in the magnitude of values among the analytical methods. The 0,2 N H2SO2;, 
gave TAC values two to four percentage units higher than either enzyme 
method while the two percent %SOi), values were about 18 percentage units 
higher. Little difference was found between takadiastase and alpha-amylase. 
Sample date did not affect the magnitude of the differences between enzyme 
and acid values and was interpreted as indicating additional carbohydrates 
extracted by acid were not utilized by the plant. Variations in the levd. s 
of 80 percent ethanol-soluble carbohydrates generally followed the varia­
tions in levels of TAG. 
In order to determine TAG an acid hydrolysis must be carried out on 
filtrates from enzyme, water, or ethanol extractions when di- or tri-
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saccharides, dextrins, fructosans, or water-soluble starch are present,' 
The acid concentration, temperature, and length of hydrolysis time 
depend on the carbohydrate(s) involved and the objectives of the experiment. 
Acid hydrolysis procedures have been presented by several authors 
(Graber et al., 192?; Looaiis and Shull, 1937; A. 0. A. C,, I96O; Smith 
et , 1964). The hydrolysis of starch and dextrins requires more severe 
conditions than for sucrose or fructosans (Loomis and Shull, 1937; 
Grotelueschen and Smith, I967). Ghromotographic assays by Grotelueschen 
and Smith indicated that 0.8 N H2S0j^ (approximately tifo percent v/v) 
destroyed some fructose whereas a 0.005 N solution completely 
hydrolyzed fructosans to fructose without destruction. 
Alpha-amylases hydrolyze starch largely into maltose and dextrins 
(Akazawa, I965). The takadiastase preparation now commonly used is 
Olarase 900^ which'Is of fungal origin and is chiefly an alpha-amylase 
having strong liquifying and dextrinogenic activity along with saccharo-
genic action. Small amounts of maltase, peptidase, phosphatase, cellulase, 
sulfatase, and invertase are also present.^ Grotelueschen and Smith (19^7) 
have found the commercial preparation would hydrolyze starch to ^ucose 
and sucrose to ^ucose and fructose without the necessity of an acid 
hydrolysis step. Fructosans were not hydrolyzed. 
An amylo^ucosidase enzyme preparation of fungal origin (Diazyme l6o)^ 
capable of hydrolyzing alpha-D-(l-»4), alpha-D-(l-»6), and alpha-D-(l-^3) 
linked &Lucosvl •poly- and oligosaccharides has been described by Denault 
%iles Chemical Company, Elkhart, Indiana. 
^Data Sheet No. 10-224, Miles Chemical Company, Elkhart, Indiana, • 
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and Underkofler (I963). The alpha-D-(l->4) linkages are hydrolyzod at 
about 28 times the rate for the alpha-D-(l-»6) linkages. The preparation 
contains only very small amounts of invertase, cellulase, and protease. 
Essentially quantitative conversion of starch to glucose can be achieved 
without subsequent acid hydrolysis. 
Some authors have advocated - clearing the extracted solutions to 
remove proteinaceous reducing substances (Loomis and ShuH, 193?; Linda hi 
et al., 19^-9)• A neutral lead acetate method similar to that outlined 
by Loomis and Shull (1937) has been commonly used, Sanderson and Perera 
(1966) found this method to be unsatisfactory and outlined a procedure 
using Polyclar AT,^ an insoluble cross-linked poly(vinyl pyrrolidone), 
for removal of nonsugar reducing substances such as catechins and related 
polyphenolic compounds. Laidlaw and Reid (1952) also found the lead ace­
tate method to be unsatisfactory and used a modification of a procedure 
outlined by Doak (1935)* • ' 
Determination of reducing sugars 
Several titration procedures are available for quantitatively deter­
mining glucose and fructose and/or other reducing sugars. These proce­
dures utilize the reducing power of the aldehyde and ketone groups on 
the sugar molecules. One widely-used method is that outlined by Heinze 
and Murneek (19^0) adapted for plant material analysis from the Shaffer-
Somogyi (1933) procedure developed for blood sugar analysis. Copper is 
reduced by the sugars, and sodium thiosulfate is used to titrate the excess 
iodine remaining after reoxidation of the cuprous oxide, Heinze and 
^Antara Chemicals Division. General Aniline and Film Corp., New York, 
New York. 
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Murneek compared this method with the Munson-Walker and several other 
methods and concluded that it was reliable and well-suited for use with 
plant material. 
Several colorimetric procedures have since emerged, but the Shaffer-
Somogyi method has still been referred to as a standard by Puruholmen 
et al, (1964) in comparing it with a modified ferricyanide reduction 
method. The method they present can be made to discriminate between 
glucose and fructose. Ting (195^) describes a similar method. Colori­
metric methods using anthrone reagent are described by Deriaz (19^1) and 
Johnson ^  al, (19^4), 
Somogyi (19^ 5) reported a new reagent for his method utilizing 
a phosphate buffer rather than the carbonate-bicarbonate buffer mixture 
of the old reagent. The newr reagent was reported to be more stable and 
to obviate the reoxidation of cuprous oxidide during the process which 
is a possible source of error. 
Pales ^  al, (I96I) compared a colorimetric adaptation of the 
Somogyi method using Nelson's reagent, an enzymic glucose oxidase proce­
dure, and a method using anthrone reagent, and discussed the advantages 
and limitations of each for quantitatively determining sugars. Similar 
results were obtained with the Somogyi and glucose oxidase methods. 
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MTERIAL3 AND I43TH0DS 
Experimental Sites 
Field experiments were conducted during the summers of 19^5 and I966 
at the Iowa State University Agronomy-Agricultural Engineering Farm, Boone 
County, Iowa, Plots sampled in I965 were seeded May 10, 19^4; plots 
sampled in 19&6 were seeded May 8, 19^5. 
The 1905 site was located on an area grading from Webster silty clay 
loam to Glencoe silty clay loam with some calcareous surface in both types. 
In 1966, the plots were situated on a Nicollet loam - Webster silty clay 
loam area with some calcareous surface and Harpster in replications II 
and IV. Both areas were adequately tiled, and drainage was not a problem 
in either year. 
Both areas received a broadcast application of 10, 17.5 and 16,5 pounds 
per acre of N, P, and K, respectively, prior to seeding. Certified Ebipire 
birdsfoot trefoil was seeded at 4.5 pounds per acre in rows eight inches 
apart using a belt planter in 19^4 and at 9*1 pounds per acre with a 
Planet Jr. in I965* 
Post-emergence herbicide treatments followed by occasional clipping 
at four to six inches with a rotary mower during the latter part of the 
summer was used to control weeds. During both seedling years a combina­
tion of 2,4-DB at the rate of one-half pound per acre and Dalapon at the 
rate of three pounds per acre was applied in June when the broadleaved 
weeds were about two inches high. Favorable growing conditions along with 
good weed control resulted in excellent stands both years (Figures 1 and 2). 
Periodic applications of Malathion were made as required to . control leaf 
Figure 1. The 19^5 experimental site during Period I prior to cutting 
for Period II 
Figure 2. The I966 experimental site at time of cutting for Period I 
30 
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hoppers and other insects. 
Prior to growth initiation during the experimental year, the dead 
residual material from the seedling year was raked off, and the area 
clipped with a rotary mower set at a height of one inch. At growth ini­
tiation in the spring, broadcast applications of 100 pounds K per acre 
in 1965 and 100 pounds K and 26 pounds P per acre were made in I966* 
Spring grovrfch initiation was observed to occur approximately April 20 
in 1965 and March 28 in 19^6, Growth was allowed to proceed normally 
during the spring, and defoliation treatments were imposed on June 2, 1965 
and June 6, I966, Experiments were carried out on regrowth following 
defoliation. Flowering had just begun at the time the treatments were • 
imposed in both years. 
The experiment was divided into two parts each 7 weeks long and 
designated as Period I characterizing early-summer regrowth and Period II 
characterizing mid- to late-summer regrowth. Period I began with the 
early-June defoliation. Period H began in mid-July utilizing a second 
set of plots within each respective replication. 
Four replications were used with each randomly divided into two 
equal areas for use in Period I and Period II. The area for each Period 
was further randomly divided into three treatment plots. The plots 
measured 6 by 30 feet in I965 and 8,5 by 35 feet in I966, Two sets with 
two adjacent rows each were disignated as sample rows, and each pair of 
sample rows had a designated north end and south end for random sampling 
purposes. The plots were sufficieniiLy large so that there were always 
at least two border rows of plot area between adjacent sampling strips and 
at least one foot between successive sampling sites within a strip. 
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Treatments 
Defoliation treatments were made to allow three different amounts 
of residual leaf area and were as follows; out to li inches, 3 inches, 
and inches. Cutting to these heights was accomplished using a Sen­
sation agricultural rotary mower set at the specified heights (Figures 
3, 4, and 5)» In I966, however, a National sickle-bar mower set to cut 
at a height greater than that of the desired treatment was used first 
to facilitate removal of part of the forage. At the time the cutting 
treatments were imposed for Period I regrowth, the plots to be used for 
Period II were cut to the intermediate 3-inch height. 
Identical defoliation treatments were imposed for Period II on 
July 14 in both years. In 19^5» the treatment for Period II was not 
applied early enough to retain any leaf area on the 1-r-inch treatment 
and only a very small lAI on the 3-ii^ch treatment stubble because the 
lowermost leaves were senescent and droping off. In I966, the treatments 
for Period II were carried out before there was as great a loss of leaves 
as in 1965. 
In order to prevent weeds from becoming established and thereby 
influencing the results, an application of one-half pound per acre of 
2,4-DB and three pounds per acre of Dalapon was made on the entire 
experimental area on June 5» 19^5, three days after the cutting treatments 
for Period I were applied. A similar treatment was applied on July 16, 
1966, two days after cutting, to the plots of Period II, Since there 
was little or no indication of a possible weed problem during Period II 
in 1965 and Period I in 1966, no herbicides were applied following cutting. 
Figure 3. Applying cutting treatments to Period I plots, 19^5 
Figure 4. Period I plots after cutting in 19^5» From left to right 




A period of hot, dry weather immediately following the herbicide treatment 
in Period H, 19^6 caused the top leaves in the remaining stubble to exhibit 
slight damage from the herbicide treatment. 
Sampling Procedure 
Samples ifere taken at weekly intervals beginning the day after the 
cutting treatments were imposed» Each sampling site was randomly chosen 
from among the four designated sample areas in each plot, A quadrat 
18 by 5^ inches (576 inches^ 6 feet^) was centered over two rows and a 
vertical cut was made with hand dippers through the forage to the ground 
around the inside of the quadrat. The herbage was then removed from 
the quadrate area by clipping at ground level with the hand clippers 
(Figure 6). Plve stem-length measurements were randomly made in each 
quadrat area prior to clipping. Measurements were made with stems 
pulled erect to measure actual stem length rather than sward height, 
A subsample of approximately 200 to 300 grams fresh weight was taken 
from each plot sample, placed in a plastic bag, and kept in an ice chest 
until taken into the laboratory for LAI determination. The remainder of 
the sample including any portion of the subsample not used for LAI deter­
mination was dried at 65® to 70° C, in a forced-air drier. 
Herbage samples for LAI determination and dry matter yields were 
taken from the plots between 7 and 9 A.M., and root samples for carbohy­
drate determination were dug from these same sample areas between 2 and 
5 P.M. of the same day. 
Figure 5* Period II plots after cutting in 19^5. From left to right 
are shown 3-, if-, and ^ -inch treatments, respectively 
(sign in ^ -inch treatment is in error) 
Figure 6. Trefoil sward showing quadrat area after removal of herbage 
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Leaf area index 
Leaf area determinations were made with an optical photocell plani-
meter eq-uipped td.th a selenium photocell as described by Greub (I966), 
Calibration was carried out using one-incb-square pieces of heavy, green 
construction paper. In 196^, a calibration curve was determined for the 
planimeter based on the average of calibrations made May 7 and June 1, 
Some additional calibration runs at the end of the season, however, indi­
cated that the calibration varied slightly from day to day. Therefore, 
in 1966 a calibration curve was determined each day that leaf area measure­
ments were made, and leaf area calculations were based on each day's 
calibration. 
Enough of the herbage subsample was used to make up one screen of 
leaves per plot sample. This amounted to all or most of the quadrat 
sample from the li-inch height immediately after defoliation to approxi­
mately five grams of dry herbage near the end of the regrowth periods. 
Following leaf area determination, the leaves and stems were placed in 
separate one-pound paper bags, dried at 65® to 70® C., and weighed to 
the nearest one-hundredth gram, using a separate, dried, tare bag for 
each five to six sample bags weighed. All bags had been previously 
weighed and selected for uniformity in weight, 
A leaf area:herbage dry weight ratio was calculated for each plot 
on each sample' date based on the planimeter data and the leaf area sample 
weight. Analyses of variance were conducted on these ratios, and the 
values were averaged over those replications within each sample date and 
and treatment which did not differ significantly at the P = ,05 level 
based on Duncan's Multiple Range Test, The area:weight ratios thus 
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obtained and averaged were then applied to the total dry matter harvested 
from the sample areas in the LAI calculation. Leaf area index was calcu­
lated by the following equation: 
UI =' 
A 
where lA is inches^ leaf area from planimeter reading, is herbage dry 
weight of lA sample, W9 is dry.weight of total herbage harvested from 
sample area, and A i$ inches^ of sample area. 
Dry matter yields 
Dry matter yi^ds were calculated for each cutting treatment date 
and for each weekly sampling date during both regrowth periods. The yields 
at date of cutting were based on a 20-inch swath cut the length of the 
plot iri.th the rotary mower set at the respective treatment heights. The 
weekly sample yields were based on the herbage cut at ground level from 
the six feet^ quadrate area. 
Crop growth rate and leaf efficiency 
An estimate of the average daily crop growth rate was calculated 
for each treatment during each week of regrowth. Calculations were made 
using equation six as presented by Radford (I967); namely, mean crop 
growth rate 
(cS) = "2 -"i . 
*2 - *1 
where Wj is the herbage dry weight at the beginning of the weekly interval 
and ¥2 is the herbage dry weight at the end of the week. Replication means 
4o 
were used in the calculations. The number of days in the interval was 
determined by t2 - t^. Since the same dry weight was used as the value 
for the final weight of the previous week and the initial weight of the 
following week, the CGR values for any two successive weeks were not 
independent of each other. Therefore, because of the limited interpreta­
tion of statistical tests, analyses of variance were not carried out on 
these data. 
Leaf efficiency values were calculated on an average daily basis for 
each week according to Brougham's (1956) equation and definition. The 
average daily dry matter increase per unit area within each'week, treatment, 
and Period was divided by the mean LAI for each respective week, treatment, 
and Period, Means of the four replications were used for the calculations, 
and the efficiency values were calculated only on the data averaged over 
years. Analysis of variance was not carried out because of reasons simi­
lar to those discussed above i^ith regard to CGSl data. 
Both the CGR and leaf efficiency value calculations were based on 
herbage dry weight of above ground herbage cut at fround level. Root and 
crown weights were not considered. 
Root and or mm samples 
The basal portions of the plants (roots and cro^ms) were dug with 
a spade from one-half of the herbage sample area (3 feet^). They were 
placed in plastic bags and kept in an ice chest until brought into the 
laboratory where the remaining soil was washed away with cold tap water. 
The plants were counted and the croxm sections removed from the roots 
with pruning shears immediately below the point where the lowermost 
tillers emerged. By having cut the herbage samples at ground level. 
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there remained a 1 to l-|-inch section of crovm and stem bases. 
The roots were trimmed to six inches, and the excess water was blotted 
from both the crovras and roots with paper toweling. A fresh weight was 
taken on all samples, and the roots cut into sections about one inch long. 
The samples were placed immediately into cloth bags and dried in a forced-
air oven at 100°C. for one hour. Following this they were dried to 
constant weight at ?0°C. and a dry weight obtained. 
The samples were ground with a Thomas mill using a one mm. (l8-mesh) 
screen and stored in small glass jars for carbohydrate analysis, Immedi-. 
ately prior to analysis, the samples were redried in a laboratory oven at 
70 °C, 
Carbohydrate Determination 
Extraction and hydrolysis 
The extraction and hydrolysis of starch, water-soluble dextrins, 
and sucrose along with the extraction of glucose and fructose was 
accomplished in a one-step procedure utilizing enzymes. Considerable 
preliminary work with alfalfa and trefoil root samples of varying TAC 
content and with differing relative proportions of starch versus sugars 
(mainly sucrose) indicated that the 0.2 N iE^SO^ extraction and hydrolysis 
method previously used (Greub, I966) was unsatisfactory and that enzyme 
hydrolysis was necessary (See Special Experiment I, Appendix), Grote-
lueschen and Smith (I967) recently reported similar findings based on 
examination of carbohydrate fractions extracted and hydrolyzed from 
alfalfa roots and timothy stem bases using takadiastase enzyme, water, 
and sulfuric acid solutions of various normalities. 
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The procedure as finally adopted was based primarily on that originally 
reported by Weinmann (19^7) using a tadadiastase enzyme but as modified by 
Lindahl et-al, (19^9). Additional modifications to allow utilization of 
an amylo^ucosidasB, Diazyme l60, in addition to takadiastase, Clarase 900, 
were included. The modifications also facilitated routine analysis of 
large numbers of samples. 
Preliminary work using reagent grade soluble starch and alfalfa root 
samples with a high starch content indicated a slightly higher recovery 
and extraction when both Clarase 900 and Diazyme l6o were used simultane­
ously than when used individually. Results with Diazyme l6o on starch and 
sucrose indicated good starch conversion to glucose but incomplete hydrol­
ysis of sucrose to reducing sugars. Clarase 900 provided complete hydrol- .. 
ysis of sucrose but gave lower values on starch than did Diazyme l6o alone 
or when in combination with Diazyme l60 (Table 1), Most of the samples 
to be analyzed were collected during a portion of the season when starch 
predominates as a storage material. Based on the preliminary work, the 
enzyme combination method was adopted for the routine analysis. However, 
a later experiment specifically designed to evaluate the efficiency of 
the two enzymes separately and in combination failed to show any statis­
tically significant advantage of the combination over Clarase 900 used 
alone (See Special Experiment I, Appendix A). This may have been due to 
incomplete hydrolysis of sucrose by Clarase 900 in the presence of Diazyme 
l6o or to the temperature and pH conditions of the procedure for the 
combined enzymes. A longer saccharification time was required when the 
enzyme combination was used compared with the Clarase 900 saccharification 
time. 
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Table 1. Preliminary comparison of enzymes for the hydrolysis of starch 
and sucrose to reducing sugars 
Substrate Clarase 900 
Enzymes 
Diazyrae l6o 





high in starch 
Trefoil roots 














Other special experiments were carried out in the laboratory either 
prior to, concurrent with, or subsequent to routine analysis of the root 
and crown samples to determine the effect of various factors on the results 
and to achieve a workable procedure. Experimental results on the effects of 
fineness of sample grind and on tube agitation during the enzyme stage 
are reported in Special Experiments II and III, respectively, in 
Appendix,A. 
Laboratory -procedure 
One-half gram of the ground, dried sample was weighed into 100 ml. 
polypropylene test tubes. Ten ml, of a sodium acetate-acetic acid buffer 
solution, pH 4.9, 0.1 M in sodium acetate were added to each tube and 
the tubes loosely covered with rubber stoppers wrapped in aluminum foil. 
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The tubes were heated in a boiling water bath for 40 minutes to gelatinize 
the starch. They were cooled for three minutes in cold water and 10 ml. 
each of a 0,2 percent Diazyme l6o solution (two grams enzyme powder per one 
liter of solution) and a 0,5 percent Clarase $00 solution (five grams enayrce 
powder per one liter of solution) were added to each tube. The foil-covered 
stoppers were replaced, the contents mixed, and the tubes placed in a water-
bath at 49®C. for 80 to 82 hours. 
The pH and temperature used xd.th the combination enzyme system were 
based on the optimum activity ranges for each enzyme and were values which 
indicated only slightly less than maximum activities. The saccharification 
period length was based partially on a compromise between those recommended 
for each enzyme according to the information available^ (Weinmann, 19^7; 
Denault and Dhderkofler, 19^3) and partially on convenience of starting 
and finishing samples. During saccharification the tubes were svdrled 
once approximately every four to five hours between 8:00 A.M. and 12:00 
midnight to mix the contents. It was necessary to wrap the rubber stoppers 
in aluminum foil to prevent a deteriorative effect of the buffer solution 
x:ç)on the rubber. 
Following the enzyme treatment the samples were removed from the 
waterbath, stoppers removed, and approximately one-half teaspoon of 
an inert, diatomaceous, silica filter-aid was added to each tube to 
facilitate filtration. The contents were filtered through 1"/hatman 
No, 42 filter paper in a Buchner funnel under vacuum and the residues 
washed -vrith a small amount of distilled water, 
•"Technical Bulletin No. 9-245, and Data Sheet No, 10-224, Miles 
Chemical Company, Elkhart, Indiana, 
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The filtrate was transferred to an appropriate-sized volumetric 
flask depending upon approximate carbohydrate level of sample, two drops 
of phenolphthalein added, followed by one drop of 25 percent sodium 
hydroxide, and made up to volume. A single drop of sodium hydroxide was 
sufficient to raise the pH of the solution into the range of 5.5 to 6,5. 
Phenolphthalein was added as a precautionary measure to enable detection 
in the event a sample became alkaline due to an excess of sodium hydroxide. 
Extracted sugar solutions need to be kept slightly acid to prevent des­
truction of reducing sugars (Loomis and Shull, 1937)» 
Each groiç) of samples run at any one time included one complete 
replication within each Period over all treatments, sampling dates, years, 
and included both croims and roots. All samples were analyzed for reducing 
sugars on the same day they were removed from the enzyme stage. 
Three blanks for each dilution volume were included in each group of 
samples to allow corrections to be made for the reducing power present in 
the enzyme solutions. 
Reducing sugars were determined on the filtrates by the Shaffer-Somogyi 
copper-iodoraetric titration method as described by Heinze and Mumeek (1940). 
Reagent grade ^ ucose was used for determining the standard curve, A 
standard curve was also determined using reagent grade fructose and was 
found to be nearly identical to the glucose curve. 
Ten ml, aliquots of each sample solution were carefully pipetted 
into large glass tubes (200 mm, x 32 mm,). Ten ml. of Reagent 50 were 
added to"each tube. A small glass funnel-marble combination was placed 
on each tube to act as a condenser and the tubes placed in a rack (12 per 
rack) to allow ample room for the circulation of water around the tubes. 
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The tubes were heated in a boiling water bath for l6 minutes and then cooled 
in a cold water bath for three minutes. Two ml, of a potassium iodide-
potassium oxalate solution were added, and 10 ml* of 1 N were added 
to half of the tubes. They were allowed to stand for five minutes, gently 
swirled to dissolve any precipitated cuprous oxide, and allovred to stand 
for another three to four minutes during which time they were again svrirled 
if the cuprous oxide precipitate persisted. Immediately prior to titration 
with 0.02 N sodium thiosulfate, the remainder of the tubes received the 
1 N HpSO^ and were handled similarly. Titration was facilitated by using 
a small magnetic stirring bar in the tube. Two ml. of starch indicator 
Were added near the end point. 
A blank was run with each set of tubes heated, usually rotating the 
three blanks included in the enzyme step. Since there were slight varia­
tions in the blank values, an average was taken over all blank samples 
run during the day for each respective dilution volume and this value 
used to correct the sample values for reducing power present in the enzyme 
solutions. 
The results of the analysis of the root and crown samples are reported 
as TAC in terms of ^ucose as percentage of root or crown dry weight or as 
grams per 100 plants. No attoupt was made to convert the values to a starch 
or sucrose basis .because of variation in the relative amounts of these 
fractions present in the plants due to environmental and physiological 
conditions and date of sampling. No attempt was made to clear the sugar 
solutions subsequent to extraction in order to remove any nonsugar reducing 
substances which may have been present. It was reasoned that the small 
amount of correction achieved did not merit the additional effort involved. 
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Statistical Procedures 
The eij^erimental design was a randomized complete block with a split 
plot arrangement in space and time. Whole units consisted of the three 
defoliation treatments with weekly sampling dates as the subunits. Data 
were combined over years within Periods* The growth, LAI development, 
and carbohydrate trends of Period I were sufficiently different from 
Period II (reflecting the differential environmental conditions between 
early and lata summer) so that combining Periods within years would have 
complicated interpretation of the data,. 
Analyses of variance were carried out on the data within each year and 
combined over years. Statistical significance indicated by asterisks in the 
over years analyses were based on F tests using errors a and b. The main 
effect by year interaction when significant was used as the error term in an 
additional F test (not indicated) for the main effect significance,. Sta­
tistical interpretations were made considering the results of the latter 
test along with those of the within years analyses. 
Orthogonal polynomials were used with most parameters to partition 
the treatment sum of squares into single degree of freedom comparisons 
to evaluate the linear and quadratic effects of the defoliation treatments. 
Similarly, the linear, quadratic, and cubic trends over dates were evaluated 
including the treatment linear by date linear, quadratic, and cubic first-
order interactions and the treatment quadratic by date linear, quadratic, 
and cubic first-order interactions. Orthogonal comparisons of treatment 
means or Duncan's Multiple Range test were used to determine treatment 
differences in conjunction with the analysis of variance on certain groups 
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of data. Correlations were calculated for certain other data. 
The majority of the statistical computations were carried out by 
the Iowa State University Computation Center. 
Tests for significance were made at the P = .05 and P = .01 levels 
of probability, and reference to "significant" in the text hereafter 
indicates statistical significance at the P < .05 level. 
Climatological Information • 
Climatological data were compiled for each Period within each year.• 
Average maximum, minimum, mean daily temperatures, and deviations froa 
normals are presented for each week of Period I in Table 2. Precipita­
tion totals, deviations from normal, and mean daily solar flux density 
values for each week are also presented in Table 2, 
Daily temperatures and precipitation values are from the records 
of the Agronomy and Agricultural Engineering Farm, Boone, Iowa. Devia­
tions from normals are based on daily normals for the period 1921-1950 
from the U. S. Department of Commerce Weather Bureau, Des Moines, Icn^ra 
(approximately 35 miles from the experimental site). Solar flux density 
values were obtained from %)pley pyrheliometer data recorded on the roof 
of uhe Agronomy building, Iowa State University, Ames, Iowa, located 
eight miles east of the experimental site. 
In 1965, Period I was characterized by generally increasing tempera­
ture during the seven weeks of growth. During the entire Period, tempera­
tures were usually several degrees below normal. Precipitation was above 
normal during the first week but generally below normal during the remainder 
of the Period, Solar flux density was reduced during the first week but 
Table 2. Average maximim, minimm, and mean daily temperatures (®F. ), precipitation totals (inches), 
deviations from normal, and solar flux density (langleys per day) for each vreek of period 
I T Ames, Iowa - I965, 19^ 6^  
Climatological Week of regrowth 
factor Year 1 2 3 4 5 6 7 Avg. 
Max, daily temp. 1965 76.3 79.7 80.6 81.9 81.6 82.5 85.1 81.1 
1966 74.6 79.6 87.6 89.6 90.0 88.9 83.9 84.9 
Dev. from normal 1965 
- .5 + .7 - .7 — 1.8 - 4.3 - 4.5 - 1.9 - 1.9 
1966 
- 3.9 - 1.4 + 4.3 + 4.0 + 3.0 + 1.9 - 3.1 + .7 
Min. daily temp. 1965 58.0 58.4 56.0 63.0 60.3 60.5 64.0 60.0 
1966 53.8 56.9 63.7 67.7 69.1 66.6 60.7 62.6 
Dev. from normal 1965 - .6 - 1.7 "* 6.0 - .6 - 4.4 - 4.6 - 2.0 — 2.8 
1966 
- 5.9 - 4.8 + .3 + 3.1 + 4.0 + .6 - 5.3 t - 1.1 
Mean daily temp. 1965 67.2 69.0 68.3 72.4 71.0 71.5 74.6 70.6 
1966 64.2 68.2 75.6 78.6 79.6 77.8 72.3 73.8 
Dev. from normal 1965 - .6 - 1.0 
- 3.7 - 1.3 - 4.7 - 4.7 - 2.4 - 2.6 
1966 
- 5.3 - 3.5 + 2.2 + 3.0 + 3.5 + .8" -4.7 — *6 
precipitation 1965 3.10 .00 .21 1.34 .53 . .71 .19 .87 
1966 6.00 .13 1.75 .00 .45 .04 .14 1.22 
Dev. from normal 1965 + 2.17 - 1.18 - 1.04 + .17 - .45 + .14 - .40 — . 08 
1966 + 4.68 - 1.13 + .57 - 1.02 - .24 - .55 - .42 + .27 
Solar flux density 19&5 381 498 561 538 533 559 505 511 
1966 480 542 605 607 611 502 510 55L 
S^ources of 
1 
clima tologi c't dkta explained on page 48, herein 
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therafter ranged from 498 to 561 langleys per day. 
During Period I of I966, temperatures were several degrees below 
normal during the first two weeks, above normal the next four weeks, and 
below normal the last week. Considerable precipitation during the first 
week of Period I resulted in over four inches above normal for that week, 
but the weelcly totals were below normal thereafter except during week three. 
Solar flux density was low during the first week but attained values over 
600 langleys per day during weeks three, four, and five. 
Data for Period II are presented in Table 3, During 19^5, the tem­
perature pattern was variable except for a distinct downward trend during 
the last two weeks which occurred the latter part of August, Temperatures 
were below normal except during the second and fifth weeks which were above 
normal. Precipitation was meager and well below normal except for the last 
week when over two inches were received. Solar flux density was low during 
the first and last two weeks but above 500 lan^eys per day during the 
other weeks. 
During Period II in I966, temperatures were consistently below normal 
except for week seven when the maximum daily temperature was above normal. 
Precipitation was variable but in general below normal during the entire 
Period, Solar flux density was near 500 langleys per day or greater except 
for week six during which an average of 385 langleys per day were received. 
The data indicate that temperature, precipitation, and solar flux 
density averaged slightly higher for Period I in 19^6 compared with I965. 
Precipitation was more evenly distributed in I965, however. 
During Period II, temperatures averaged approximately two degrees 
higher in 19^5. Total precipitation was nearly the same for the two years, 
Table 3* Average maxiravmi, minimum, and mean daily temperatures (°F. ), precipitation totals (inches), 
deviationc from normal, and solar flux density (langleys per day) for each week of Period 
n - Ames, Iowa - 19^5, 19^6®^ 
Climatologi cal Week of reerowth 
factor Year 1 2 3 4 5 6 " 7 Avg. 
Max. dally temp. 
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^Sources of climatologioal data explained on page 48, herein. 
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2,97 inches in 19^5 versus 2,86 inches in I966, In 19^5» however, 2,26 
inches were received during week seven; therefore, there was a better 
distribution of precipitation during I966, Generally, precipitation was 
below the normal for the entire three months covering both Periods during 
both years. The solar flux density data for Period II indicate that a 
higher average solar radiation level was received in I966, Thus, even 
though average daily solar flux density was 30 langleys greater in I966, 
the average maximum, minimum, and mean daily temperatures were lower. 
The data for the average mean daily tmperature, precipitation totals, 
and average daily solar flux density are shown for each weekly growth 
interval in those figures presenting data within each year in which it 
may be helpful to compare the results in light of dlimatological influences. 
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RESULTS - PERIOD I (EARLY-SUMMER REGRŒTH) 
The 1965 early-sumraer regrowth study began June 3 and ended July 20. 
The 1966 experiment began June 7 and ended July 27. 
Leaf Area 
The swards had attained LAI values of 3*^8 and $»66 when cutting 
treatments were imposed June 2, I965 and June 6, I966, respectively. 
The residual LAI*s are shown in Table The LAI's remaining within 
each treatment after the first week were not greatly different in 19^5 
compared with I966* Some leaves at the top of the stubble were injured 
by the mowing operation and deteriorated in a few days causing a reduc­
tion in LAI during the first week. Also, some older leaves at the bottom 
of the canopy, especially those beginning to yellow, soon senesced completely 
and were dropped# 
The LAI data are presented in Figures 7 and 8 and Table 5» Statis-
Table 4. Residual LAI during Period I for Snpire birdsfoot trefoil cut 
to three heights - Ames, Iowa - 19^5» 19^6^ 
Cutting 1965 1966 Ave. 
height Week 0 Week 1 Week 0 Week 1 Week 0 Week 1 
If" .09 .07 .05 .03 .07 .05 
3" .53 .39 .46 .35 M .37 
1.22 1.07 1,61 1.14 1.42 1.10 
®Week 0 is immediately after cutting. Week 1 is at the end of the 
first week of regrowth at which time some leaf loss had occurred due to 
injury of stubble leaves by the rotary mower and the senescence of leaves 
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Figure 7» Leaf area index for Empire birdsfoot trefoil cut to three 
heights, mean daily temperature (T), precipitation (P), and 
solar flux density (S) during Period I within years - Ames, 
Iowa « 1965, 1966 
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Figure 8, Leaf area index during Period I averaged over years for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - I965, I966 
tioal results are provided in Table 6. Significant interaction with years 
was present for both treatments and dates. 
All treatments eventually attained similar LAI*s in I965, and the 3-
and 4i-inoh treatments became similar in I966, The treatment effects when 
averaged over dates were significantly linear in I965, but the quadratic 
term was significant in I966 indicating that average LAI values were not 
linearly related to cutting height in I966. This was due to the relatively 
high LAI in the 4|-inch sward at week three. 
The effect of dates on-LAI was essentially sigraoidal as indicated 
by significant linear and cubic terms in the analysis of variance in both 
years, LAI values in I966 failed to attain those of I965 and leveled off 
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Table 5* Average leaf area index values during Period I for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - 19^5, 
1966 
Weeks after cutting 
%lt. 0 1 2 3 4 5 é 7 Avg. 
1263 
li" .09 .07 .41 1.52 3.32 3.75 5.20 5.15 2.44 
3" • .53 .39 1.14 2.45 4.29 4.67 5.27 5.18 2.99 
4" 1.22 1.07 1.77 3.16 4.62 5.06 4.90 4.82 3.33 
Avg. .62 .51 1.11 2.37 4.08 4.50 5.12 5.05 2.92 
1266 
If" .05 .03 .45 1.73 2.55 2.51 2.56 2.64 1.57 
3" .46 .35 1.08 2.49 3.06 3.11 3.17 3.10 2.10 
4" 1.61 1.14 1.95 4.03 3.96 3.68 3.13 3.37 2.86 
Avg. .71 .51 1.16 2.75 3.19 3.10 2.95 3.04 2.18 
1965-1966 
1|" .07 .05 .43 1.63 2.94 3.13. 3.88 3.90 2.00 
3" .49 .37 1.11 2.47 3.68 3.89 4.22 4.14 2.55 
1.42 1.11 1.86 3.59 4.29 4.37 4.01 4.10 3.09 
Avg. .66 .51 1.14 2.56 3.63 3.80 4.04 4.05 2.55 
Table 6, Analyses of variance of leaf area index during Period I for Ekpire birdsfoot trefoil cut 














































2.8524** .0846 Years (Y) 1 26.4998** 
6,4545** 13.5208** Replications (R)/Y 6 1.4685** 
12.6380** 26.7808** Treatments (T) 2 19.0696** 
.2437 .2552* Y X T 2 .9057** 
.1973 .0369 Error (a) 12 .1171 
47,8468** 16.3532** Dates (D) 7 58.0052** 
310.9856** 86.5196** T X D 7 6.1948** 
1.0260* 11.7332** T X D 14 .8812** 
19.6968** 5.3248** Y X T X D 14 .1196 









IVnt, Date .Tmt. Date Qkt. Date 
.08 .10 .03 .04 .04 .07 
•F value significant at the ,05 level of probability. 
**F value significant at the .01 level of probability. 
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or decreased after the third or fourth week. The significant treatment 
by date, treatment linear by date linear, and treatment linear by date 
quadratic interactions in both years are evidence that responses differed 
among the treatments. 
I<Ia3d.mum LAI's in 1965 were 5.20 in the Ij-inch svrard at week six, 
5.27 in the 3-inch sward at week six, and 5.06 in the 4§-inch sward at 
week five. For maximum values in I966, the ly-inch sward attained 2,64 
at week seven, the 3-inoh s^^rard 3,17 at week six, and the 4^-inch sward 
4,03 at the end of the third week. Over all treatments, an average LAI 
of 5«05 was present at the end of the Period in I965 compared with 3.04 
in 1966, 
Leaf loss in the li-inch treatment had just started at the week four 
san^ling date in I966 while there was already substantial leaf loss in 
the 4|-inch treatment on that date. The 3-iwich treatment was intermediate 
in leaf-loss severity. By week seven plants in the majority of the plots 
were sustaining substantial leaf loss. The warmer, drier conditions in 
1966 may have contributed to an increased leaf loss as well as reduced 
leaf area development. No regular observations on leaf loss were made 
in 1965. 
Dry Matter Accumulation 
Dry matter accumulation data are shown in Figures 9 and 10 and 
Table 7. The analysis of variance results are shown in Table 8, 
Yield 
The curves in Figures 9 and 10 suggest that dry matter accumulation 










X % X 
X X 




0  1 2  3  4  5  6  7  
W E E K S  A F T E R  C U T T I N G  
Figure 9. •Dry matter jrields for Empire birdsfoot trefoil cut to three 
heights, mean daily temperature (T), precipitation (P), and 
solar flux density (S) during Period I within years - Ames, 
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Figure 10, Dry matter yields during Period I averaged over years for 
Empire birdsfoot trefoil cut to three heights - Ames, Iowa 
1965, 1966 
%-inch treatments. This observation is supported by the significant 
linear and cubic effect of dates in the analysis of variance for both 
years. Even though the year by treatment and year by date interactions 
were significant in the combined analysis, it can be seen from the figures 
that the general pattern of accumulation was similar in both years. Final 
yields were 2,355» 2,824, and 3.067 tons per acre in I965 compared with 
only 1,552, 2.083, and 2.668 tons per acre in I966 for the 1%-, 3-, and 
^-inch treatments, respectively. 
Treatment effects on yields within each year were highly significant 
and also significantly quadratic indicating that response was not directly 
6l 
Table 7, Average dry matter yields in tons per acre during Period I for 
Ekpire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966 
Weeks after cutting 
Tmt, 0 1 2 . 3 4 5 6 7 Avg. 
ISAi 
IT" .120 .126 .222 .532 .928 1.311 1.892 2.355 .936 
3" .290 .4(X) .604 1.002 1.417 2.055 2.496 2.824 1.391 
4" .540 .670 .900 1.423 1.685 2,246 2.775 3.067 1.663 
Avg. .317 .412 .575 .986 1.343 1.871 2.388 2.749 1.330 
1966 
li" .259 .187 .273 .605 .854 1,162 1.347 1.552 .780 
3" .509 .528 .616 1.009 1.272 1.660 1.901 2.083 1.197 
.974 .811 1.046 1.639 1.933 2.300 2.326 2.668 1.712 
Avg. .581 .509 .645 1.085 1.353 1.707 1.858 2.101 1.230 
1969-1966 
li" .189 .157 .248 .569 .891 1.237 1.620 1.954 .858 
3" .400 .484 .610 1.006 1.345 1.858 2.198 2.453 1.294 
.757 .741 .973 1.531 1.809 2.273 2.551 2.868 1.688 
Avg. .449 .460 .610 1.035 1.348 1.789 2.123 2.425 1.280 
Table 8. Analyses of variance of dry matter yield data during Period I for Empire birdsfoot 
trefoil cut to three heights - Ames, Iowa - 19°5t 19&6 
Within vears Over years 
Source of Mean squares Source of Mean 
variation d.f. 1965 1966 variation d.f. squares 
Replications (R) 3 ,5782** ,0309 Years (Y) 1 .4833** 
Treatments (T) 2 4,3226** 6.9791** Replications (R)/Y 6 .3045** 
Linear (L) (1) 8,4680** 13.9056** Treatments (T) 2 11.0284** 
Quadratic (Q) (1) .1796* .0507* Y X T 2 .2733** 
Error (a) 6 ,0262 ,0065 Error (a) 12 .0164 
Dates (D) 7 10.2536** 4.6298** Dates (D) 7 14,2489*» 
Linear (L) (1) 69,2700** 31.0356** Y X D 7 .6344** 
Quadratic (Q) (1) 1,9904** .2564** T X D 14 .0758** 
Cubic (C) (1) ,4o88** ,8588** Y X T X D 14 .0149 
T X D 14 ,0448** ,0459** Error (b) 126 .0136 
TL X DL (1) ,2280** ,3898** 
TL X DQ (1) .1654** ,0420* 
TL X Dc (1) ,0083 ,0208 
T q x D I  (1) ,0950** .0067 
TQ X DQ (1) ,0130 .0071 
TQ X Dc (1) ,0209 .0037 
R X D 21 ,0310** ,0076 
Error (b) 42 ,0121 .0095 
. Itat, Date Tmt. Date Ikt, Date 
=x ,029 ,028 .014 ,028 .016 .024 
* F  value significant at the ,05 level of probability, 
**F value significant at the ,01 level of probability. 
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proportional to cutting height. The curves of Figure 9 indicate that the 
3- and 4&-inch treatments were most similar in response in I965 but that 
the 1%- and 3-iwch treatments were most similar in I966, Responses among 
the treatments over dates were significantly different as indicated by 
the treatment by date interactions and the treatment linear by date linear 
and by date quadratic comparisons in both years. 
Net dry matter yields for the seven-week Period were obtained by 
subtracting the initial stubble dry weight from the dry matter yields 
of the final harvest date. These results and the analysis of variance 
are presented in Tables 9 and 10, respectively. No significant difference 
was found between the net yields of the 3- and ^ -inch treatments while 
the li-inch treatment yielded significantly less than the others. Net 
yields for each treatment were nearly one ton per acre lower in I966 
compared with I965 values. 
Table 9» Average net dry matter yields in tons per acre during Period I 
for Ehpire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966*' 
Tons per acre • 
Trat, 1965 1966 ' Avg. 
li" 2,24b 1.29b 1,76b 
3" 2.53a 1.57a 2,05a 
2,53a 1.69a 2,11a 
^Yield at week 7 minus yield at week 0, 
fields followed by the same letter are not significantly different 
at P = .05 level as determined by Duncan* s Multiple Range Test, 
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Table 10. Analysis of variance of net dry matter yields during Period I 
for Empire birdsfoot trefoil cut to three heights - Ames, Iowa 
1965, 1966 
Source of variation d,f, m.s. 
Years (l) 1 4.9823** 
Reps/years (R/Y) 6 ,1238* 
Treatments (T) 2 .27^6** 
T X Y 2 .0092 
Error 12 ,0308 
Total 23 
8- (T) .06 
*F value significant at the ,05 level of probability. 
**F value significant at the ,01 level of probability. 
Leaf efficiency 
Leaf efficiency ratings were determined using the CGR and LAI data. 
The results averaged over years are shown in Figure 11 and Table 11, No 
statistical analysis was carried out because of the nonindependence of . 
the data. Data for the first week were omitted because of the difficulty 
in determining leaf area accurately enough during that week to prevent 
the introduction of large errors when small leaf area values are present 
in the divisor. 
Efficiency ratings within each year followed similar patterns 
although the 19^6 values were somewhat lower than the 19^5 figures. The 
data for week one resulted in calculated values which were generally nega­
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Figure 11, Average daily increase in grams dry matter per unit LAI (leaf) 
efficiency) during Period I averaged over years for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - I965, 
1966 
efficiency was attained by the li-inch sward during the second week. There­
after, it showed a rapid decline until week five when the values became nearly 
constant over the remaining weeks. Efficiency ratings for the 3- and 
inch treatments declined in a linear and parallel fashion over the six-
week interval. Considering only values averaged over the last six weeks of 
Period I, leaf efficiency decreased as treatment stubble height increased. 
Crop growth rates 
The mean crop growth rates (CGR) for each weekly growth interval are 
plotted for each year in Figure 12 and for the average of the two years 
•in Figure 13. Table 12 presents the numerical values. An analysis of 
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Table 11, Average daily increase in grams dry matter per unit LAI (leaf 
efficiency) during Period I for Empire birdsfoot trefoil cut 
to three heights - Ames, Iowa - 19^5t 19^6 
Week of reerowth 
Trat. 
CM H
 3 4 5 6 7 Avg. 
li" 12.18 10.04 4.54 3.62 3.80 2.76 6.16 
3" 5.46 7.14 3.50 4.34 2.88 1.93 4.21 
5.01 6.61 2.29 3.41 2.31 2.49 3.69 
Avg. 7.55 7.93 3.44 3.79 3.00 2,39 4.69 
^•Values for week 1 were not included because of the variable nature 
of the data when only small amounts of leaf area were present. 
variance was not carried out on the data because of the nonindependence of 
the values. 
Considerable variation was observed in the weekly CGR values although' 
the overall pattern appeared quadratic, especially'when averaged over years. 
The 1965 Period was characterized by generally increasing CGR values until 
the interval between weeks four and six when all treatments reached maximum 
values after which sharp declines occurred. In I966, the Period began with 
negative CGR's in the li- and A^-inch cutting treatments. When averaged 
over years the maximum CGR was attained by the 4§--inch treatment during 
the third week following defoliation. The 3-inch treatment reached a 
maximum during the fifth week, and the li'-inch treatment peaked during 
the sixth week. In 19^5> the reduced rates in the 3- and ^ -inch treat­
ments during the fourth week and the decline in the rates of all treat­
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Mean daily crop growth rates (CGR) in tons dry matter per acre per day for Empire birds-
foot trefoil cut to three heights, mean daily temperature (T), precipitation (P), and 
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Figure 13. Mean daily crop growth rates (CGR) in tons dry matter per acre 
per day during Period I averaged over years for Empire birds-
foot trefoil cut to three heights - Ames, Iowa - 19^5» 19^6 
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Table 12. Mean daily crop growth rates (CGR) in tons dry matter per acre 
per day during Period I for Empire birdsfoot trefoil cut to 
three heights - Jbies, Iowa - 19^5» 19^6 
Week of regro'vrth (G. /m^/ 
Itet, 1 2 3 4 5 6 7 Avg. day) 
i2àl' 
ll" .001 .014 .044 .057 .055 .097 ,066 .048 10.78 
3" .025 .023 .057 .059 .091 .074 .047 .054 12.13 
4" ,022 .033 .075 .037 .080 ,088 ,042 .054 12.13 
Avg. .016 .023 .059 .051 
1366 
.075 .086 .052 .052 11.68 
It" -.009 .012 .047 .036 .044 .026 .029 ,026 5.84 
3" .002 .013 .056 .038 .055 .034 .026 .032 7.19 
-.020 .034 .085 .042 ,052 .004 .049 .035 7.86 
Avg.' -.009 .020 .063 .039 .050 .021 .035 .031 6.96 
1969-1966 
li" -.005 .013 .046 .046 .049 .059 .048 .037 8.31 
3" .012 .018 .057 .048 .073 .053 .036 .042 9.44 
4" -.002 .033 .080 .0^ ,066 .043 .045 .044 9.89 
Avg. .002 .021 .061 .045 .063 .051 .043 .041 9.21 
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flowering (Table 13). Although flowering was also observed to begin in 
the li-inch treatment during this time in 19^5, a reduction in CGR was 
not found until one week later. 
The maximum CGR recorded in 19^5 was attained by the if-inoh treat­
ment during week six when 0.097 ton (19^ lbs.) dry matter was assimilated 
per acre per day. The 3- and 4&-inch treatments attained maximum values 
of 0,091 and 0.088 ton per acre per day. These treatments had similar 
average values of 0.05^ ton per acre per day over the whole Period while 
the li-inch treatment averaged 0.047 ton per acre per day. 
In 1966, the ^ -inch treatment had a slightly greater growth rate 
when averaged over the entire Period than did the 3-inch treatment (0,035 
Table 13. Average percent of stems in bloom during Period I for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - 19^5» 19^6 
Weeks after cutting 
Tmt, 0 1 2 3 5 6 7 
isAi 
li" 0 • 0 0 0 5 2 24 .44fS^ 
3" 0 - 0 0 0 4 ' 23 32 504a 
0 0 0 0 12 
12^ 
22 30 
li" 0 0 0 0 1 10 38+S S  
3" 0 0 0 1 4 28 48+8 s 
4" 0 0 0 1 14 35 45+S s 
^Seed pods present. 
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versus 0.032 ton dry matter per acre per day). This was due to the large 
increase by the A'-g-inch sward during week three (Figure 12). The 1^-inch 
treatment was again lowest with an average rate of only 0,026 ton per acre 
per day. No individual treatment consistently exhibited an advantage over 
the others in either year except during the second and third weeks of 
regrowth when the growth rates increased in the same order as the height 
of cut. This indicates a contribution by the additional leaf area reitiain-
ing due to threatraents. 
Stand 
Stand data in terms of number of plants per square foot are presented 
in Figure 1^ and Table 14, The analysis of variance results are given in 
Table 15. Despite a substantially higher seeding rate for the plots of 
the 1966 study, plant numbers per square foot averaged over treatments 
were significantly less in 19^ 6 compared with I965 (11.7 versus 14.1). 
Year by treatment and year by date interactions were not significant. 
There was no effect of the defoliation treatments on stand. The date 
effect and the treatment by date interaction were significant in 19^5 
but not in I966, 
A slight reduction in stand during the middle portion of the Period 
in 1965 is suggested by the data in Table 14 and indicated in the analysis 
of variance by the significant quadratic effect of dates. Dead or diseased 
plants were rarely found in Period I. 
Carbohydrate Levels 
Reserve carbohydrate levels were analyzed in roots and crowns and 
















1 9 6 5 - 1 9 6 6  A V G .  
2  3  4  5  
WEEK S  A F T E R  C U T T I N G  
Figure 14 Number of plants per square foot (stand) during Period I averaged over years for E&npire 
birdsfoot trefoil cut to three heights - Ames, Iowa - I965, 1906 
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Table 14. Average number of plants per square foot (stand) during Period I 
for Bnpire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966 
Weeks after cutting: 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
IT" 14,9 13.9 12.2 15.0 15.8 12,8 15.9 13.8 14,3 
3" 14.0 13.8 12.2 14.0 9.6 14,9 16,4 16.6 13.9 
4?" 18.2 11*8 13.2 15.2 12.8 13.9 12.4 15.0 14.1 
Avg, 15.7 13.1 12.6 14.7 12,7 13.8 14,9 15.1 14.1 
12M 
IT" 12,3 11.4 11.7 9.8 13.6 9.1 8.4 14.7 11,4 
3" 14,2 10,1 10.6 9.4 12,5 8.0 14,6 13.4 11.6 
13.5 10.9 12,3 14,7 10,4 13.4 9.8 . 10.4 11.9 
Avg, 13.4 10,8 11.5 11,3 12,2 10,2 10.9 12.8 11.7 
1966-1966 
IT" 13.6 12,6 12.0 12,4 14,7 10,9 12.2 14.2 12.8 
3" 14.1 11.9 11,4 11,7 11,1 11,4 15.5 15.0 12.8 
15.9 11.3 12.8 15.0 11,6 13.6 11.1 12.7 13.0 
Avg, 14.5 12.0 12.1 13.0 12.4 12,0 12.9 14,0 12.9 
Table I5. Analyses of variance of plants per square foot (stand) during Period X for Eknpire 
birdsfoot trefoil cut to three heights - Ames, Iowa - 19^ 5» 19^ 6 
Within years Over years 
Source of Mean squares Source of Mean 
variation d.f. 1965 1966 variation d.f. squares 
Replications (R) 3 39.9677* 17.0490 Years (Y) 1 284.7019** 
Treatments (T) 2 .8776 2.4537 Replications (R)/Y 6 28,5084* 
Linear (L) (1) .8100 4.8400 Treatments (T) 2 .9079 Quadratic (Q) (1) 1.2032 .0533 Y X T 2 2.4235 
Error (a) 6 7.3533 11.1972 Error (a) 12 9.2752 
Dates (D) 7 17.0026* 13.8419 Dates (D) 7 21.9791 Linear (L) (1) 3.2064 2.6288 Y X D 7 8.8653 Quadratic (Q) (1) 53.4952** 36.0536 T X D 14 20.2656* 
Cubic (C) (1) 11.5880 3.5636 Y X T X D 14 14.3669 
T X D 14 13.9132* 20.7193 Error (b) 126 11,0204 
TL * I>L (1) 7.2044 8.0476 
TL X DQ (1) 13.4400 23.0476 
TL X Dc (1) .0109 18.6376 
TQ X DL (1) 28.4016* 11.9168 
TQ X DQ (1) 11.2312 32.4292 
TQ X Dc (1) 5.4368 11.0000 
R X D 21 14.5591** 13.2888 
Error (b) 42 6.1944 12.9429 
Qkt. Date TVnt, Date Tmt. Date 
®x .48 .62 .59 .90 .38 ,68 
•F value significant at the ,05 level of probability, 
**F value significant at the .01 level of probability. 
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consider the effect of weights and growth on absolute levels. 
Roots 
Percent TAC valua&,ar8 presented in Figures 15 and l6 and Table l6. 
The analysis of variance results can be seen in Table 17, 
Year by treatment and year by date interactions were significant as 
e^qjected from visual examination of the curves. .Differences in level due 
to treatments were significant in 19^5 but not in 19^6, The approximate 
range ovor treatments was two to six percent and two to seven percent of 
root dry weight in 19^5 and 1966, respectively. There was a small but 
significant reduction due to defoliation in all treatments. The effect 
of dates was significant and quadratic both years with the cubic terra 
also significant in 1$66 because of the responses during the first week 
of regrowth. 
During most of the Period in 1965 and the first three weeks of I966, 
the levels were maintained in relation to the severity of the defoliation. 
The treatment effect was significantly quadratic in 19^5 indicating a 
greater difference in level of percent carbohydrates between the if- and 
3-inch treatment than between the 3- and ^ -inch treatment (Table I6), 
Treatment by date interactions were significant in 19^6 but not in 19^5, 
Levels in the li-inch treatment descended to a low of tiro to three per­
cent of root dry weight by the end of the second week and remained near . 
three percent during the remainder of the Period in 19^5 and for three 
weeks during I966, 
IVhen averaged over years to minimize the environmental effects, the 
root reserve levels increased with cutting height (Figure 16), and the 
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Figure 15. Percent total available carbohydrates (TAC) in roots of 
Empire birdsfoot trefoil cut to three heights, mean daily 
temperature (T), precipitation (P), and solar flux density 
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Figure l6, percent total available carbohydrates (TAG) during Period I 
averaged over years in roots of Empire birdsfoot trefoil cut 
to three heights - Ames, Iowa - 19^5» I966 
Response in terras of grams TAC per 100 plants generally followed the 
same patterns except the year by treatment interaction was not significant 
(Tables 18 and 19). Variability in the root weight data contributed to 
increased variability in these data. 
The effect of treatments was significantly linear in I965 with the 
treatments averaging 1.23, 1.81, and 2.04 grams TAG per 100 plants for 
the if-, 3-, and ^-inch treatments, respectively. In I966, neither 
the linear or quadratic effect of treatments was significant even though 
the treatments averages were I.60, I.67, and 1,93 grams for the li-, 3-, 
and 4^-inch treatments, respectively. 
Root dry weight data and the analysis of variance results are presented 
in Tables 20 and 21, The effects of treatments and dates were significant 
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Table l6. Average percent total available carbohydrates during Period I 
in roots of Stipire birdsfoot trefoil cut to three heights -
kneSf Iowa - 19^5» 19^6 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
1261 
IT" 5.65 5.37 2.83 2.95 3.18 2.73 3.09 2.90 3.59 
3" 6,01 5.46 3.73 4.41 4.36 3.94 3.67 4.10 4.46 
lé" 6.n 5.53 4,99 4.29 4.11 4.47 4,47 4.93 4.86 
Avg. 5.92 .5.45 3.85 3.88 3.89 3.71 3.74 3.97 4.30 
1966 
IT" 3.70 3.59 2.08 2.79 2.74 3.07 5.28 6.88 3.77 
3" 3.45 3.98 3.22 3.31 2.66 3.36 4.56 6.57 3.89 
3.63 5.16 3.75 3.16 3.04 3.46 5.31 6.69 4.28 
Avg. 3.60 4.24 3.02 3.09 2.81 3.30 5.05 6.71 3.98 
1965-1966 
IT" 4.67 4.48 2.46 2.87 2.96 2.90 4.19 4.89 3.68 
3" 4.73 4.72 3.48 3.86 3.51 3.65 4.12 5.33 4.18 
R^" 4.87 5.35 4.37 3.73 3.58 3.96 4,89 5.81 4.57 
Avg. 4.76 4.85 3.44 3.49 3.35 3.51 4.40 5.34 4.14 
Table 17. Analyses of variance of percent total available carbohydrates during Period I in roots of 
Einpire birdsfoot trefoil cut to three heights - Ames, Iowa - 19^ 5) 19^ 0 
Within years Over years 
Source of Mean squares Source of -Mean 
variation d,f, 19^ 5 19^ 5 variation d,f, squares 
Replications (R) 3 29,8002** ,0571 Years (Y) 1 5.0991** 
Treatments (T) 2 13,5837** 2,2804 Replications (R)/Y 6 14,9286** 
Linear (L) (1) 26,0100** 4,1412* Treatments (T) 2 12,8180** Quadratic (Q) (1) 1,1780* .3710 Y X T 2 3.0461** 
Error (a) 6 ,1100 ,6636 Error (a) 12 .3868 
Dates (D) 7 9.0253** 21,2251** Dates (D) 7 14.9141** 
Linear (L) (1) 36,4400*» 49.9340** Y X D 7 15.3362** Quadratic (Q) (1) 20,5780** 77.7856** T X D 14 .7143* 
Cubic (C) (1) .7716 12.6264** Y X T X D 14 .6633 
T X D i 14 ,6878 .6898* Error (b) 126 .3897 
TL X DL (1) 2,8308* 1.8452* 
TL X DQ (1) ,1982 1.1316* 
TL * (1) ,6220 1.9468* 
TQ X DL (1) ,0256 .1330 
TQ X (1) .5524 .5460 
TQ X Dc (1) .0596 .2391 
R X D 21 ,4082 ,1851 
Error (b) 42 .5983 .2745 
Tint, Date Tuit, Date Trat, "Date 
Sx ,06 .19 .14 ,13 ,08 ,13 
•F value significant at the ,05 level of probability, 
**F value significant at the ,01 level of probability. 
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Table 18, Average grams total available carbohydrates per 100 plants 
during Period I in roots of Empire birdsfoot trefoil cut to 
three heights - Ames, Iowa - 19^5, I966 
Vfeeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
li" 1.76 1.88 .92 .93 1.00 1.14 1.00 1.18 1.23 
3" 2.32 2.09 1.46 1.56 2.15 1.85 1.35 1.69 1.81 
4" 2,09 1.92 1.81 1.53 2.12 2.16 2.19 2.48 2.04 
Avg, 2,06 1.96 1.40 •1.34 1.76 1.72 1.52 1.79 1.69 
12M 
li" 1.98 1.55 .87 .91 .87 1.32 2.53 2.78 1.60 
3" 1.34 1.66 1.26 1.69 1.06 1.58 2.07. 2.73 1.67 
1.71 2.30 1.29 1.24 1.46 1.47 2.49 3.89 1.93 
Avg. 1.68 1.84 1.14 1.28 1.13 1.45 2.37 3.00 1.74 
1965-1966 
li" 1.87 1.72 .89 .92 .93 1.23 1.77 1.98 1.42 
3" 1.83 1.88 1.36 1.62 1.60 1.71 1.71 2.21 1.74 
4" 1.90 2.11 1.55 1.39 1.79 1.81 2.34 2.99 1.99 
Avg. 1.87 1.90 1.27 1.31 1.44 1.59 1.94 2.39 1.72 
Table 19. Analyses of variance of grams total available carbohydrates per 100 plants during Period I 



























R X D 
Error (b) 
3 5.3585** .2184 Years (Y) 1 .0919 
2 5.5790** .9650 Replications (R)/Y 6 2.7884** 
(1) 10.5300** 2.3104 Treatments (T) 2 5.2361** 
(1) .6676 .2945 Y X T 2 1.3080 
6 ,1778 .5230 Error (a) 12 .3504 
7 .7957* 5.1777** Dates (D) 7 3.5138** 
(1) .5548 13.2696** Y X D 7 2.4596** 
(1) 2.1868** 23.2200** T X D 14 
.3719 
(1) .4520 1.5272* Y X T X D 14 .2637 
14 .3005 .3351 Error (b) 126 .3158 
(1) 2.1536** .3170 
(1) .0340 .0009 
(1) .0155 1.6416* 
(1) .4536 .0855 
(1) .2238 2.3316* 
(1) .0961 .0533 
21 .2892 .3529 
42 .2921 .3344 
%it. Date Tmt, Date 





»F value significant at the ,05 level of probability, 
••F value significant at the ,01 level of probability. 
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Table 20. Average grams root dry weight per 100 plants during Period I 
for Bnpire birdsfoot trefoil cut to three heights - Ames, 
Iowa - 1965, 1966 
Weeks after cutting 
Trat, 0 1 2 3 4 5 6 7 Avg. 
2aàl 
li" 30.8 37.9 31.4 31.3 31.8 42.1 32.2 39.6 34.6 
3" 39.3 39.1 38.9 34.9 49*6 45.8 37.2 41.4 40.8 
33.8 34.2 34.1 35.4 50.7 47.1 irô.o 47.7 41.4 
Avg. 34.6 37.1 34.8 33.9 44.1 45.0 39.1 42.9 38.9' 
1266 
li" 52.4 42.5 41.9 31.7 31.9 42,4 48.4 40.4 41.5 • • 
3" 38.8 42.3 38.5 ^.4 "39.9 47.8 46.0 42.0 43.1 
47.0 42.0 54.1 39.3 47.5 42.4 46.4 52.1 43.8 
Avg. 46.1 42.3 38.2 40.2 39.8 44.2 46.9 44.9 42.8 
1969-1966 
li" 41.6 40.2 36.7 31.5 31.9 42.3 40.3 40.0 38.1 
3" 39.1 40.7 38.7 42.2 44.7 46.8 41.6 41.7 41.9 
40.4 38.1 34.1 37.4 49.1 44.7 47.2 49.9 42.6 
Avg. iK).4 39.7 36.5 37.0 41.9 44.6 43.0 43.9 40.8 
Table 21, Analyses of variance of grams root dry weight per 100 plants during Period I for Einpire 
birdsfoot trefoil cut to three heights - Ames, Iowa - I965» 19^6 
Within vears Over years 
Source of Mean squares Source of Mean 
variation d.f. 1965 1966 variation d.f. squares 
Replications (R) 3 196.0230* 124,9427 Years (Y) 1 717.8521* 
Treatments (T) 2 #6,1211** 47.8900 Replications (R)/Y 6 160.4827 
Linear (L) (1) 726.3024** 93.1224 Treatments (T) 2 389.2266* 
Quadratic (Q) (1) 163,5408* 4.2008 Y X T 2 104.7046 
Error (a) 6 22.0758 132,0409 Error (a) 12 77.0583 
Dates (D) 7 246,3873»* 123.7302 Dates (D) 7 221.6671* 
Linear (L) (1) 818,1240** 75.9116 Y X D 7 148.4504 Quadratic (Q) (1) 7.0952 . 444,2824 T X D 14 132.5126 
Cubic (C) (1) 134.3516 244.0004 Y X T X D 14 83.5647 
T X D 14 77.8804 138,1969 Error (b) 126 100.0428 
TL X DL (1) 285.6428 243,7812 
Tl X DQ (1) 27.7724 30,8428 
TL * Dc (1) 113.3128 18,2638 
TQ X DL (1) 166,9288 25,4604 
TQ X Dq (1) 23.1020 606,9808* 
TQ X Dc (1) 4.3492 37.4012 
R X D 21 96.8266 117.5249 
Error (b) 42 71.4584 121,4968 
Itat, Date Trnt, Date TVat. Date 
®x .83 2.11 2,03 2,76 1.10 2,04 
* F  value significant at the ,05 level of probability. 
value significant at the ,01 level of probability. 
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only in 19^5. 
The average treatment values were significantly quadratic, and the 
trend of dates averaged over treatments was linear. The cutting height 
and subsequent differential leaf area significantly reduced the weight of 
roots for the Ij-inch treatment in 19^5 and was associated with the same, 
although not significant, trend in 19^6, Weights in the other two treat­
ments followed no consistent pattern except for an increase of several 
grams in 19^5» Values in 1906 were variable, and there was no significant 
change in weight over the seven-week Period, 
Crovms 
The percent TAC in the crowns followed essentially the same pattern 
of response as in the roots although the level of the 3-inch treatment 
varied more in 19^5 (Figures 1? and 18 and Tables 22 and 23)« However, 
the levels in the crowns averaged only about one-half the levels in the 
roots, ranging between one and three percent of the dry weight except for 
the four to five percent values at week seven in I966, The carbohydrates 
in the 3-inch treatment increased during the first two weeks in 19^5 and 
the first week in I966 before responding to defoliation. 
The year by treatment and year by date interactions were significant 
in the combined analysis of variance. Treatment means were significantly 
different and increased linearly with treatment height within each year. 
Differences in levels due to dates were significant both years. The lack 
of differences among treatments during the latter half of the Period in 
1966 contributed to the significant treatment by date interaction. 
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Figure 17, Percent total available carbohydrates (TAC) in croims of 
Etepire birdsfoot trefoil cut to three heights, mean daily 
temperature (T), precipitation (P), and solar flux density 
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Flgiire 18, Percent total available carbohydrates (TAG) during Period I 
averaged over years in crowns of Empire birdsfoot trefoil cut 
to three heights - Ames, Iowa - I965, I966 
fraction of that in the roots. Absolute amounts of TAG in the crowns, 
as in the roots, underwent the same general response patterns as per­
centage data. However, results were somewhat modified by the crown dry 
weights which showed no consistent differences due to treatment and 
increased approximately eight grams per 100 plants during the Period, 
Analysis of variance results (Table 25) indicated significant differ­
ences in absolute amounts of TAG with treatment levels but no treatment 
by date interaction in I965. Results were opposite in I966. Dates were 
significantly different only in I966. Treatment levels averaged 0,55, 
0,71, and 0.72 gram TAG per 100 plants for the if-, 3-, and 4§--inch 
treatnents, respectively, in I965 and 0,66, 0,69, and 0,73 gram in I966. 
Neither the linear, quadratic, nor cubic effect was significant over dates 
in 1965, but there was a significant quadratic term in I966, 
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Table 22, Average percent total available carbohydrates during Period I 
in croifns of Snpire birdsfoot trefoil cut to three heights -
Ames, Iowa - 19^5» 19^6 
Weeks after cutting 
Ttat, 0 1 2 3 ,4 5 6 7 Avg. 
IT" 2,45 2.62 1.89 1.78 1.57 1.53 1.65 1.51 1.87 
3" 2.63 2.69 2.22 2,60 1.89 1.73 1.73 1.98 2.18 
4" 2.44 2.96 3.15 2.23 1.67 1.82 2.21 2.17 2.33 
Avg, 2.51 2.76 2,42 2.20 1.71 1.69 1.86 1.89 2.13 
1266 
If" 1.75 1.74 1,22 1.69 1.56 1.83 3.21 3.80 2.10 
3" 1.86 1.99 1,84 1.84 1.83 2.18 3.04 3.92 2.31 
4" 1.75 3.08 2.13 1.93 1.75 2.00 2.97 3.61 2.40 
Avg, 1.79 2.27 1.73 1.82 1.72 2.00 3.07 3.78 2.27 
1969-1966 
If" 2.10 2.18 1.55 1.73 1.57 1.68 2.43 2.66 1.99 
3" 2.25 2.34 2,03 2.22 1.86 1.95 2.39 2.95 2.25 
4" 2.10 3.02 2.64 2.08 1.71 1.91 2.59 2.89 2.37 
Avg, 2.15 2.51 2.09 2.01 1.71 1.85 2.47 2.83 2.20 
Table 23. Analyses of variance of percent total available carbohydrates during Period I in croxms 
of Empire birdsfoot trefoil cut to three heights - Ames, Iowa - 19^ 5» 19^ 6 
Within vears Over years 
Source of Mean squares Source of Mean 
variation d,f. 1965 1966 variation d.f. squares 
Replications (R) 3 4.5902** .0337 Years (Y) 1 .9733* 
Treatments (T) 2 1.7525* .7621* Replications (R)/Y 6 2.3120** 
Linear (L) (1) 3.3308»* 1.4640** Treatments (T) 2 2.4125** Quadratic (Q) (1) .1387 .0800 Y X T 2 .1021 
Error (a) 6 .1940 .1062 Error (a) 12 .1501 
Dates (D) 7 1.9168** 6.8969** Dates (D) 7 3.3885** 
Linear (L) (1) 9.4136** 24.8712** Y X D 7 5.4252** Quadratic (Q) (1) .8584* 16.9840** T X D 14 .3875** 
Cubic (C) (1) 2.0364** 3.1464** • Y X T X D 14 .2366 
T X D 14 .2607 .3634** Error (b) 126 .1481 
TL X DL (1) .0762 1.5744** 
Tl X DQ (1) .0453 .3760 
TL X Dc (1) .9896* 1.0728** 
TQ X Dl (1) .0001 .1457 
TQ X DQ. (1) .0414 .0041 
TQ X Dc (1) .0177 .0511 
R X D 21 .1476 .1171 
Error (b) 42 .1883 .1236 
Ikt. Date Tnit, Date %it. Date 
Sx .08 .11 .06 ,09 .05 .08 
»F value significant at the .05 level of probability, 
**F value significant at the ,01 level of probability. 
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Table 24, Average grams total available carbohydrates per 100 plants 
duriiog Period I in croiras of Ebipire birdsfoot trefoil cut 
to three heights - Ames, Iowa - 1905» 19^6 
Weeks after cutting 
Tmt, 0 1 2 3 4 5 6 7 Avg. 
li" .60 .69 .51 M .46 .57 .52 .57 .55 
3" .73 .84 .75 .81 .74 .60 .49 .71 .71 
4" .61 ,81 ,81 .65 .63 .62 .79 .80 .72 
Avg. .65 .78 .69 .65 .61 .60 .60 .70 ,66 
I2M 
if" A9 .38 .32 .37 .48 .60 1.48 1.15 .66 
3" .43 .52 .49 .63 .54 .79 .99 1.16 .69 
.49 .91 .54 .49 .54 .54 1.08 1.28 .73 
Avg, .47 .60 .45 .50 .52 .64 1.19 1.20 .70 , 
1965-1966 
li" .54 .54 .41 .43 .47 .58 1.00 .86 .61 • '• 
3" .58 • .68 .62 .72 .64 .69 .74 .94 .70 
.55 .86 .67 .57 .58 .58 .93 1.04 .72 
Avg, .56 .69 .57 .57 .57 ,62 .89 .95 .68 
Table 25. Analyses of variance of grams total available carbohydrates per 100 plants during Period 1 










































.1497 .0575 Years (Y) 1 
.2798* .0432 Replications (R)/Y 6 
..4292* .1000 Treatments (T) 2 
.1220 .0001 Y X T 2 
.0340 .0486 Error (a) 12 
.046? 1.1797** Dates (D) 7 
.0570 5.2704*» Y X D 7 
.0257 1.8504** T X D 14 
.1818 .0265 Y X T X D 14 

























•F value significant at the .05 level of probability, 
•*F value significant at the .01 level of probability. 
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The defoliation treatments and subsequent differential lAl had no 
significant effect on crown dry weights (Tables 26 and 27), There was a 
significant linear increase in weight with time during both years, however. 
One hundred crowns averaged 26,2 grams on the first sampling date compared 
with 3^*2 grams on the last sampling date. 
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Table Z 6 .  Average grams crovm dry weight per 100 plants during Period I 
for %piro birdsfoot trefoil out to three heights - Ames, lovra -
1965, 1966 
Weeks after ciittinp 
Tait. 0 1 2 3 4 5 é 7 Avg. 
1221 
li" 24.9 27.8 27.3 28.3 29.9 37.1 31.7 38.6 30.7 
3" • 28.9 32.6 35.6 30.8 40.4 34.0 28.7 35.9 33.4 
25.1 27.7 25.5 29.4 38.3 33,9 36.2 35.3 31.4 
Avg. 26.3 29.3 29.5 29.; 36.2 35.0 32.2 36.6 31.8 
1966 
1&" 27.4 21.6 26.9 21.6 30.6 33.2 46.9 30.7 29.9 
3" 22.8 26.3 26.0 35.2 28.3 36.7 32.9 29.7 29.8 
28.3 29.0 25.0 25.6 30.6 27.0 . 36,3 35.1 29.6 
Avg. 26.2 25.6 26.0 27.5 29.9 32.3 38.7 31.8 29.7 
1965-1966 
I f "  26.2 24.7 27.1 25.0 30.3 35.2. 39.3 34.6 30.3 
3" 25.9 29.^  30.8 33.0 34.3 35.3 30.8 32.8 31.6 
H" 26.7 28.3 25.3 27.5 34.5 30.4 36.2 35.2 30.5 
Avg. 26.2 27.5 27.7 28.5 33.0 33.6 35.4 34.2 30.8 
Table 2?. Analyses of variance of grams crovm dry weight per 100 plants during Period I for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - 19^ 5» 19^ 6 
Within years Over years 
Source of Mean squares Source of Mean 


















R X D 
Error (b) 
3 249.3965** 72.2547 
2 60.3872 .4358 
(1) 8.4100 1.0000 
(1) 112.8532* ,0000 
6 ,21.6629 93.3326 
7 170,8455* 240,2319» 
(1) 857.4896** 1140,6096** 
(1) 21,6668 5,8288. 
(1) .0368 270.2004 
14 45.4072 91.8183 
(1) .0305 80.8304 
(1) 29.5244 17.3720 
(1) 26.9104 185.7844 
(1) 202.3240 14.0960 
(1) 31.8576 276.1524 
(1) 60.9828 33.16# 
21 72.8228 67.4190 




Y X T 
Error (a) 
Dates 
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T X D 




























*F value significant at the .05 level of probability, 
value significant at the ,01 level of probability. 
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DISCUSSION - PERIOD I (EARLY-SUMMER REGROWTH) 
Leaf Area Development 
Initial differences in LAI among treatments were either maintained 
or increased slightly during the first five weeks of regrowth. The treat­
ment effect indicates that the LAI levels when averaged over dates responded 
linearly to cutting height and residual LAIv The significant treatment by 
date interactions were brought about the changes in differences during 
the last two weeks in 19^5 and by the response of the ^-inch treatment 
in 1966, 
In considering the data combined over years, the sward defoliated to 
three inches began the second week of regrowth with a 7|-fold advantage 
in leaf area over the l^-inch treatment. The i||--inch sward began active 
leaf area increase at week two with a 22-fold larger leaf area than the 
If-inch sward. There were greater increases in leaf area during the second 
and third weeks with increased residual LAI. The l|--, 3-, and ^ -inch 
treatments increased 1.58» 2.10, and 2.48 LAI, respectively, during this 
time. During the fourth-week the ^ -inch sward showed a decrease in the 
net rate of leaf production while the other two treatments maintained an 
essentially linear increase. By the fifth week all swards were accumulating 
leaf area at reduced rates. Whether this reduction in the rate of LAI 
increase was due to decreasing rates of leaf formation, increasing rates 
of leaf loss, or a combination of the two processes cannot be fully deter­
mined from the data of this study. The reductions in rate of LAI devel­
opment lagged approximately a week behind flower initiation in each treat-
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ment, Total leaf losses were most severe in the ^ -inch canopy, less so 
in the 3-inch, and least in the l-f-inch. Subsequent to attaining a maximum, 
the 4^-inch sward decreased in LAI in both years. The LAI of the three 
swards tended to become similar within each year with the exception of 
the ly-inch treatment which remained lower in I966, 
liThen LAI accumulation rates decreased in one treatment, reduction 
occurred in the others, also. This indicates that an environmental rather 
than a physiological factor influenced leaf area expansion. Such reductions 
took place during the fifth week of 19^5 and fourth week of 19^6, The 
climatological data (Figure 7 and Table 2) provide no dear evidence as 
to which of the included climatic factors, if any, were responsible. High 
temperatures and low precipitation along with high levels of solar radia­
tion during the fourth, fifth, and sixth weeks of I966 may have been respon­
sible for restricting LAI increase after the third and fourth weeks. 
All sïfards attained maximum LAI values over 5,0 during 19^5 compared 
with only 2.64 to 4,03 in 19^6, None of the treatments was distinctly 
effective in attaining a maximum LAI in 19^5» In 19^6, the sward with the 
greatest initial leaf area (^l-inch treatment) quiclcly reached a maximum 
at the end of the third week but ' thereafter declined over most of the 
remaining Period, Leaf loss began concurrently with maximum LAI attain­
ments in the 4r-inch sward. 
Dry Matter Accumulation 
Dry-matter accumulated more rapidly in all treatments in I965 than 
in 1966. The lower rates of accumulation in I966 were most likely due to 
higher temperatures coupled with drier conditions during the latter part 
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of the Period, The failure of the leaf area to increase after the first 
four weeks in I966 markedly depressed the crop growth rate curves over 
the latter part of the Period (Figure 12), 
Ifhen averaged over years LAI and dry matter were linearly related 
during the first four weeks in all treatments (Figure I9), The linear 
regression equation coefficients indicate the 4§-inch sward increased 
dry matter more per unit increase in LAI during the first four weeks than 
did the other two stfards. Thereafter, the relationships changed abruptly 
as evidenced by the change in slopes of the regression lines. The 4|-ineh 
sward increased in dry matter while LAI decreased whereas the l-|-inch 
and 3-inch swards maintained positive relationships between dry matter 
accumulation and LAI. Yields for the if-, 3-» and 4§-inch swards after • 
four weeks were 0,702, 0.9^5> and 1,052 ton per acre, respectively. Thus, 
early in the regrowth, dry matter accumulations were maintained in propor­
tion to height of cut and residual LAI, The apparent advantage of residual 
LAI was largely lost after the first few weeks. In view of findings reported 
by Puess (19^3), Hopkinson (196k) and Brown ^  al, (I966), this was undoubt­
edly an age effect due to the larger fraction of old leaves in the total 
photosynthesizing area as treatment cutting height increased. 
Greater photosynthetic efficiency of the younger leaves is indicated 
by the data of Figure 11 and Table 11, These results are in general agree­
ment with those reported by Brougham (1956) for a mixed grass-legume sward 
defoliated to 1-, 3-> or 5-iAoh heights. In the present study there was 
less difference between the leaf efficiencies of the two swards cut at the 
taller heights than was found by Brougham, 
The dry matter accumulation curves for all treatments were generally 
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y = 10.013- 1.823x 
y = -5.272 41.818x 
y = -1.756 +.873x 
-y » .320 + .343x 
y = .318 + .278x 
y = .153 + .251x 
1 2  3  4  
LEAF AREA INDEX 
Figure 19. Tons matter per acre increase per unit LAI in­
crease during Period I averaged over years for Em­
pire birdsfoot trefoil cut to three heights - Ames, 
Iowa - 1965» 1966 
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sigmoidal; and, when averaged over years, there is evidence that maximtmi 
CGR was attained earlier with increased treatment height (Figure 13). This 
was especially true in 19^3, These results agree with those Brougham (195^) 
observed in a grass-legume sward. Weekly variation in CGR values made the 
determination of the time of maximum groxdih rate difficult. 
The two years were quite different with respect to the times at which 
maximum rates occurred. In 19^5» maximum rates were attained late in the 
Period after considerable leaf area had accumulated in all treatments. In 
1966, maximum CGR's were attained early in the Period at low lAI. The expla­
nation of two such diverse growth patterns must certainly reside itt the 
influence of meteorological and/or edaphic factors. The low rates during 
the latter part of the Period in I966 may reflect the lack of moisture and ' 
higher temperature during those weeks. 
Correlation of CŒ values with the maximum, minimum, and mean daily 
temperature, precipitation, and solar flux density data of Table 2 are 
shown in Table 28. The most consistent high correlations were obtained 
with solar flux density as might be expected with only the 3-inch treat­
ment in 1965 not significant at P = .05 level. Maximum and mean daily 
temperatures were highly and positively correlated in about jO percent of 
the cases. Although not significant, precipitation was consistently 
negatively correlated with CGR, The negative correlations may be a result 
of the large amounts of precipitation received during the first week of 
the Period in both years. At this time CGR values were low or even negative 
because of leaf death and loss resulting from movàng injury and/or sudden 
exposure to the environment. It may also reflect the reduced growth rates 
during cloudy periods which would have accompanied precipitation. 
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Table 28, Correlation coefficients®" between CGR values and maximum, mini­
mum, and mean daily temperatures, total precipitation, and aver­








li" ,83*^ .53 .72 -,44 .75* 
3" .51 .25 ,41 -.30 .69 
.40 -.14 .14 -.47 .75* 
1966 
IT" .91** .85* ,88** -,66 ,81* 
3" .90** .86* ,88** -,49 .80* 
.57 .46 .51 -.52 .78* 
&The inclusion of asterisks to denote statistical significance at 
P = .05 level (*) or P = .01 level is meant to act only as a guide 
in interpreting the.data since the CGR'-values are not independent of each 
other due to the method of calculation, 
CLimatological data cannot be used to explain all of the changes 
observed in the growth rates, Within years and over yeàrs the pronounced 
decreases in the CGR values occurred in conjunction with flower initiation, 
thereby suggesting antagonism between vegetative growth and reproductive 
growth in birdsfoot trefoil. The growth habits of trefoil are unusual in 
that during the smmer new shoots arise from axillary buds, with shoots 
and flowers appearing in a cycxLic sequence under long day conditions 
(Smith, 1962b), The CGR values suggest such a cyclic pattern and the 
degree to which they vary from week to week would be modifield by the 
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environmental conditions. 
The extremely sharp drop in CGR occurring in I966 during the sixth 
week in the ^ -inch treatment and its subsequent rapid recovery reflects 
dry matter sampling variability which occurred among the replications 
during those weeks, VHxen averaged over years, growth rates were maintained 
at relatively high levels at the end of the seven weeks. 
Results for Period I have shown that increased residual leaf area 
resulted in increased dry matter accumulation but that the advantages were 
restricted largely to the first treatment increment and were not retained 
for the entire Period, This could be partially attributed to the effects 
of leaf age in decreasing photo synthetic activity. Swards with more of 
the older shoots may also have flowered sooner thereby reducing growth 
rates, VJhen net yield was considered over seven weeks of regrowth, there 
was no significant advantage to having residual lAI of 1.42 versus one 
of 0.49, Yields were significantly reduced, however, in the if-inch 
treatment wherein a residual LAI of less than 0,10 remained. 
Under the conditions of this experiment the early-summer defoliation 
treatments had no significant effect on stand. Considerable replication 
to replication variation occurred in the number of plants per sample area 
in the field, but this variability was present in all treatments. Same 
interactions occurred between treatments and dates in 19^5» but examina­
tion of the data revealed no consistent pattern causing this effect except 
the slight overall reduction in plant number during the middle of the 
Period. The results of this study agree with those previously observed 
(Greub, I966) in that trefoil stands, although variable, remained essen­
tially constant over an entire season whether under a no-cut management 
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or tinder a three-cut management. 
Carbohydrate Levels 
The differences in TA.C reserve reduction due to the defoliation 
treatments were small but usually significant. In 19^5» larger differ­
ences were maintained among treatments and there was less of a cyclic 
response pattern over dates than in I966, In I96&, there was an opposite 
trend in the data with a very definite cyclic response of carbohydrate 
levels. This may have been due in part to the droughty conditions during 
the last half of the I966 Period. Net leaf area increase was halted, 
growth rates were slowed, and carbohydrates accumulated in the roots. 
The immediate influence of the residual leaf area on the carbohy­
drate level.can be seen in Figure 16 where the data are averaged over 
years; and thus, the effects of the environment should be minimized. 
During the first week following defoliation, the root carbohydrate levels 
in the sward defoliated to Ig- inches declined suggesting that respiration 
demands exceeded photosynthate produced by the limited leaf area present. 
The level of the sward defoliated to 3 inches held constant indicating 
that photosynthate was approximately equal to respiration requirements. 
In the sward defoliated to inches, the carbohydrate level increased 
slightly indicating that photosynthate exceeded respiration requirements. 
The failure of the ^ -inch treatment to increase in 19^5 could be attri­
buted to lower light intensity during the first week. 
Fractionation of the carbohydrates present in these roots was not 
carried out, but it is doubtful that changes in TAC levels took place 
exclusively within the soluble fractions rather than involving starch. 
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The data of Nelson and Smith (1968b) indicated' that starch levels in trefoil 
roots were affected comparatively more by defoliation in their study than 
were sucrose or reducing sugar levels. They also reported that the relative 
amounts of starch, sucrose, and reducing sugars were similar in trefoil 
compared with alfalfa. 
The TA.C levels in the three treatments were not identical at week zero; 
this , was attributed to the one-day delay between cutting and root sampling. 
This allowed the respiration-photosynthesis phenomena discussed on page 101 to 
separate the levels of the three treatments slightly. Approximately one 
week following defoliation the response of the carbohydrate levels indicated 
the initiation of a regrowth or metabolism demand which caused rapid declines 
in TAG levels in all treatments. Once reduced, the levels either remained 
low for the remainder of the growth Period or began to recover after two 
to three weeks depending upon the year. It appears that the severity of 
the defoliation affected the level of reserves subsequent to defoliation 
but not necessarily the change from storage to utilization or vice versa. 
It would sem reasonable to postulate that the root reserves of a sward 
with more residual leaf area would be less reduced by regrowth demands 
for carbohydrates. It would seem equally reasonable to postulate that 
such a sward should recover to its initial level sooner than a sward more 
severely defoliated. The first condition was not true during part of I966 
regrowth, and the second one was not true in either year. The same 
anomalies can be pointed out in the alfalfa root carbohydrate data of 
Feltner and Massengale (19^5). It must be acknowledged that to'unequiv-, • 
ocally determine whether changing from storage to utilization or vice 
versa is abrupt and dependent on a time factor or more gradual and depen­
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dent on physiological processes relating to leaf area and photosynthesis 
requires data taken more frequently than at weekly intervals. Perhaps 
daily sampling would be necessary. 
Data for TA.C in terras of absolute amounts rather than percentage of 
dry weight offers no additional evidence which would alter the interpre­
tation for percentage data* Generally similar relationships were found 
among treatments and dates as occurred in the percentage data. 
The results of Period I showed that crowns and the portion of the 
stem bases remaining attached when tops were cut at ground level were 
not equal to the roots as a storage site for carbohydrates in birdsfoot 
trefoil. The responses and differences in crowns paralleled those in 
the roots but always at levels approximately one-half as great. 
Correlation of the daily CGR for each week within each treatment 
with the weelcLy increase or decrease in percent TAC, grams TAC per 100 
plants, and grams root dry weight per 100 plants indicated no consistent 
nor statistically significant relationships (Table 28). 
In this study, the most severely defoliated treatment (if inch) 
reduced plant root weights, but the extent of the reduction varied between 
the years. When averaged over years and dates, the data of Table 24 
shoii a weight differential of several grams between the two exbra^e 
treatments. Since the root sample represents only a portion of the root 
system of large, older plants (top six inches), the treatment effect may 
have had a more significant impact on the total root system than first 
indicated. This would be especially true if reduction in weight were 
brought about through reduced branching and extension of the secondary 
roots effectively reducing the- absorbing surface. 
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The increase in root weight over dates was small and significant in 
only one year. Nelson and Smith (1968a) also found a lack of root weight 
increase in their study but attributed it to a natural turnover of plants 
in the sward whereby seedlings replaced old, dead plants. In the present 
Iowa study, dead plants were rare in the Period I plots, and it is unlikely 
that such a phenomenon was occurring. 
The significant and substantial increase in crovm weights over the 
course of the Period may have resulted from the stem-bases thickening 
in diameter. 
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RESULTS - PERIOD II (UTE-SUMER REGROz/TH) 
Period H began with the first sampling on July 15 in both years 
and ended August 31» 19^5 and September 1, I966, 
Leaf Area 
At the time Period H cuttings were made, LAI values were 5»^3 in 
1965 and 3*11 in I966. The residual LAI (Table 29) in the 3- and inch 
treatments immsdiatoly after cutting was substantially higher in I966 com­
pared with 1965, Essentially no leaf area remained on the l§-inch treat­
ment either year. 
After the first week, only 0«04 lAI out of the 0,20 LAI (two-year 
average) initially present remained in the 3-inch stubble. The remainder 
was lost through mower injury or abscission of yellowing leaves. Similarly, 
in the ^ --inch treatment only 0.37 of an initial O.63 LAI (two-year average) 
remained after one week. There was only partial success in attempting 
Table 29. Residual LAI during Period II for Empire birdsfoot trefoil 
cut to three heights - Ames, Iowa - I965» 19^6^ 
Cutting 1965 1966 Ave. 
height Week 0 Week 1 Week 0 Week 1 Week 0 Week 1 
li" .00 .00 .00 .00 .00 .00 
3" .16 .03 .24 .04 .20 .04 
4i" .37 .30 .88 .44 .63 .37 
^Week 0 is immediately after cutting. Week 1 is at the end of the 
Jzrst week of regrowth at which time some leaf loss had occurred due to 
injury of stubble leaves by the rotary mower and the senescence of leaves 
at the bottom of the canopy. 
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to increase LAI differential among treatments in I966 by starting Period II 
with one week less regrowth from the Period I defoliation date compared 
with the interval in 19^5. Application of the treatments after the shorter 
interval was probably offset by the more adverse environmental conditions 
during the first half of July in I966, i.e. higher temperatures and less 
precipitation. 
The leaf area data for Period II are presented in Figures 20 and 21 
and Table 30 with the statistical results in Table 31. LAI values averaged 
well below those of Period I. The average LAI for Period II was 1.28 com­
pared to 2.55 for Period I. When averaged over treatments the LAI curves 
were significantly cubic in both years; however, the treatment by date, 
treatment linear by date linear, and treatment linear by date quadratic 
interactions were all significant indicating dissimilarity in response. 
The LAI differences which were present at week zero or at week one usually 
increased with time except in the second year where the 3- and ^ -inch 
treatments were similar even though the 4&-inoh treatment had a LAI of 
0,44 at week one compared with 0,04 for the 3-inch height at that time. 
Following defoliation two weeks were required for the plants to effec­
tively begin increasing leaf area. Thereafter, rates of increase in LAI 
varied slightly for each treatment within each week. Increased rates were 
quite similar when compared over the last five weeks as a whole within 
each year except for the li-inch treatment in I966. The adverse response 
of this treatment was largely due to a disease problem which reduced 
stand and vigor. During the last two weeks in 19^5 leaf loss was appre­
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WEEKS AFTER CUTTING 
Figure 20. Leaf area index for Empire birdsfoot trefoil cut to three 
heights, mean daily temperature (T), precipitation (P), and 
solar flux density (S) during Period II within years - Ames, 
Iowa - 1965, 1966 
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1965-1966  AVG.  
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WEEKS AFTER CUTTING 
Figure 21, Leaf area index during Period II averaged over years for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - I965, 
1900 
Dry Matter Accumulation 
Yield 
Dry matter yields within years are shown in Figure 22 and as averaged 
over years in Figure 23. Tables 32 and 33 present the means and the anal­
yses of variance, respectively. Significant year by treatment and year 
by date interactions occurred. A significant cubic effect for dates in 
1965 confirms the observed sigmoidal growth curves in Figure 22, The cubic 
term was not significant in I966, and the significance of the quadratic 
effect over dates was brought about largely by the response of the if-inch 
treatment when averaged in with that of the other two swards. Within each 
treatment, dry matter accumulation over the Period was essentially linear 
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Table 30* Average leaf area index values during Period II for Ebipire 
birdsfoot trefoil cut to three heights - Amos, Iowa - 1905» 
1966 
Weeks after cutting 
ïbit. 0 1 2 3 4 5 é 7 Avg, 
l2Éi 
lé" ,00 .00 .13 • .55 1.00 2.41 2.23 2.53 1.11 
3" .16 .03 .29 .74 1.63 2.84 3.03 3.35 1,51 
.37 . .30 .38 1.48 2.22 3.57 3.75 3.60 1.96 
Avg, .18 .11 .27 .92 1.62 2.94 3.00 3.16 1.53 
1.966 
li" ,00 .00 .03 .15 .43 .64 1.03 1.86 .52 
3" .24 .04 .28 .52 1.21 1.73 2.59 3.00 1.20 
.88 .44 060 .69 1.44 1.76 2,20 3.18 1.40 
Avg, .38 .16 .31 .45 1.03 1.38 1.94 2.68 1.04 
196?. 1966 
li" .00 .00 .08 .35 .71 1.52 1.63 2,20 .81 
3" .20 .04 .29 ,63 1.42 2.29 2,81 3.17 1.36 
4i" .63 .37 1.09 1.83 2.66 2.98 3.39 1.68 
Avg, .28 .14 .29 .69 1.32 2.16 2.47 2.92 1.28 
Table 31. Analyses of variance of leaf area index during Period II for iEhpire birdsfoot trefoil 
cut to three heights - Ames, Iowa - 19^ 5, 1966 









Replications (R) 3 .1253 .1636* Years (Y) 1 11.2811** 
Treatments (T) 2 5.8411»* 6.8746** Replications (R)/Y 6 .1445 
Linear (L) (1) 11.6280** 12.4256** Treatments (T) 2 12.3312** Quadratic (Q) (1) .0120 1,2612** Y X T 2 .3846** 
Error (a) 6 .0777 .0244 Error (a) 12 .0510 
Dates (D) 7 21.6496** 9.7900** Dates (D) 7 29.2616** 
Linear (L) (1) 138.6840** 59.4104** Y X D 7 2.1779** Quadratic (Q) (1) 1.2300** 8.6952** T X D 14 .4390** 
Cubic (C) (1) 9.3948** .1794* Y X T X D 14 .1549** 
T X D 14 .2678*» .3260** Error (b) 126 .0574 
TL X DL (1) 2,3400** ,9324** 
TL X DQ (1) 0II29 .2090* 
TL X Dc (1) .5396** .2575** 
TQ X DL (1) 0II66 2.4428** 
TQ X DQ (1) .1792 .0058 
TQ X Dc (1) .0320 .3050** 
R X D 21 .1133 0O392 
Error (b) 42 ,0650 .0310 
Tmt, Date %ite Date %it. Date 
®x .05 .06 0O3 .04 .03 .05 
* F  value significant at the ,05 level of probability. 
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Figure 22, Dry matter yields for Empire birdsfoot trefoil cut to three 
heights, mean daily temperature (T), precipitation (P), and 
solar flux density (S) during Period II within years - Ames, 













Figure 23. Dry matter yields during Period II averaged over years for 
Empire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966 
in 1966, 
Treatment yields were significantly different in both years when 
averaged over dates and increased linearly with treatment cutting height 
in 1965 but not in 1966, 
Total yields for the seven weeks of growth were low, averaging only 
0.893 and 0.857 ton per acre over all treatments for I965 and I966, respec­
tively, Yields for the if-, 3-» and 4§--inoh treatments when averaged over 
years and the Period were 0.443, 0.952, and 1.231 tons per acre, respectively. 
Net dry matter yield data (Tables 3^ and 35) indicated a significant 
advantage for the 3- and 4§--inch treatments over the if-inch height, but 
there was no consistent superiority over years within either of the two 
treatments. 
1 9 6 5 - 1 9 6 6  A V G .  
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Table 32. Average dry matter yields in tons per acre during Period H 
for Ehipire birdsfoot trefoil cut to three heights - Ames, 
Iowa - 1965» 1966 
Weeks after cutting 
%lt. 0 1 2 3 4 5 6 7 Avg. 
li" .256 .271 .315 ' .411 .445 .892 .868 .899 .545 
3" .570 .484 .583 .754 .907 1.260 1.349 1.471 .922 
.776 .778 ,889 1.107 1.267 1,576 1,680 1.628 1.213 
Avg, .534 .511 .596 .758 .873 1.243 1.299 1.333 .893 
2266 
li" .228 .290 .275 .292 .320 .297 .369 .650 .344 
3" .728 .680 .843 .845 1.040 1.064 1.258 1.391 .982 
.940 1.028 1.124 1.097 1.335 1.392 1.425 1.651 1.249 
Avg. .632 ,666 .747 .745 .898 .918 1.017 1.231 .857 
1969-1966 
li" .242 .280 .295 .351 .383 .595 .619 .775 .443 
3" .649 .582 .713 .800 .974 1.162 1.304 1.431 .952 
.858 .903 1.007 1.102 1.301 1.484 1.552 1.690 1.231 
Avg. .583 .589 .672 .751 .886 1.080 1.158 ' 1.282 .875 
Table 33» Analyses of variance of dry matter yield data during Period II for Ehpire birdsfoot 
trefoil cut to three heights - Ames, lotra - 19^5» i.966 









Replications (R) 3 .0098 .0684** Years (Y) 1 .0642* 
Treataents (T) 2 3.5924** 6,9790** Replications (R)/Y 6 .0391* 
Linear (L) (1) 7.1396** 13.2168** Treatments (T) 2 10.2308** 
Quadratic (Q) (1) . .4060 ,7424** Y X T 2 .3406** 
Error (a) 6 .0166 .0061 Error (a) 12 .0113 
Dates (D) 7 1,4780*» .4847** Dates (D) 7 1.7553** 
Linear (L) (1) 9.5904** 3.1228** Y X D 7 ,2073** Quadratic (Q) (1) .1046** .1633** T X D 14 .0503** 
Cubic (C) (1) .4728** .0277 Y X T X D 14 .0081 
T X D 14 .0230** .0354** Error (b) 126 .0080 
TL * DL (1) .1412** ,2476** 
Ti, X DQ (1) .0202 .0157 
TL * Dc (1) .0111 .0279 
TQ X DL (1) ,0539** .1128** 
TQ X Qj (1) .0414* .0005 
TQ X Dc (1) ,0000 .0307 
R X D 21 .0077 .0086 
Error (b) 42 ,0066 .0093 
Tmtc Date T\ttt, Date Tmt. Date 
®x .023 .020 .014 .024 .013 .018 
•F value significant at the ,05 level of probability. 
••F value significant at the ,01 level of probability. 
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Table 3^. Average net dry matter yields in tons per acre during Period II 
for Empire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966^»° 
Tons per acre 
Int. 19^5 1966 Avg, 
1&" ,64b .42b .53b 
3" .90a .66a .78a 
.85a .71a .83a 
^Yield at week 7 minus yield at week 1. 
^Yields followed by the same letter are not significantly different 
at P = .05 level as determined by Duncan's Multiple Range Test. 
Table 35» Analysis of variance of net dry matter yields during Period II 
for Bupire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966 
Source of variation d.f. m.s. 
Years (Y) 1 .2390** 
Rep 5/years (R/Y) 6 .0285 
Treatments (T) 2 .1651** 
T X Y 2 .0053 
Error 12 .0098 
Total 23 
(T) .04 
*? value significant at the .05 level of probability. 
**F value significant at the .01 level of probability. 
116 
Leaf efficiency 
Leaf efficiency values for the last six weeks of Period II averaged 
over years are given in Figure 24 and Table 36, Data for week one were 
not included because of the zero LA.I values in the 1%-inch treatment and 
the variable nature of the calculated values for the other two treatments. 
An analysis of variance was not carried out because of the nonindependence 
of the data. 
Exclusive of the relatively high value for the 3-inch sifard during 
week two and the variability in the level of the li-inch sward during 
weeks four and six, the relative treatment differences and rates of decline 
over dates were similar to that in Period I. Efficiency declined as treat­
ment height increased. This is not indicated by the Period averages within • 
treatments in Table 36 because of the relatively high value in the 3-inoh 
treatment during the second week. 
Crop grovrfch rates 
Mean crop growth rates for Period II were lower and more, variable in , 
1965 than in I966, Figures 25 and 26 show the data for within each year' 
and for the average of the two years, respectively. Table 37 lists the • • 
numerical values. Statistical analysis was not carried out because of 
the nonindep endence of the data. 
All swards had CGR values which were occasionally near zero or nega­
tive in'both years. In I965, maximum rates were attained for all treat­
ments during week five with the order of the maximum values inversely 
related to cutting height. The CGR values were nearly identical for the 
3- and 4§-inch treatments when averaged over dates in I965 with values of 
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Figure 24. Average daily increase in grams dry matter per unit LAI 
(leaf efficiency) during Period II averaged over years for 
Etapire birdsfoot trefoil cut to three heights - Ames, Iowa 
1965, 1966 
averaged 0.013 ton per acre per day in 19^5. A similar trend prevailed 
in 1966 with the 3-inch and 4^-inch swards averaging O.OI6 and 0.015 ton 
per acre per day, respectively, while the rate of the l|-inch sward aver­
aged only 0.009 ton per acre per day. 
Bloom estimates for Period II (Table 38) indicate that only light 
flowering occurred, and in I965 only the 4i-inch treatment showed the 
appearance of flowers coinciding with reduction in Cffî. In I966, the 
sharp reduction in rates of the 3- and 4|--inch treatments during the 
third week coincided with flower initiation. 
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Table 36, Average daily increase in grams dry matter per unit lAI (leaf 
efficiency) during Period H for Ebpire birdsfoot trefoil cat 
to tliree heights - Ames, Iowa - 19^5» 19^6 
Week of regrowth • 
Tmt. 1^ 2 3 4 5 6 7 Avg. 
li" —— 11,23 8,18 2,12 6,02 A3 2.81 5.13 
3" 25,68 5.86 5.51 3.26 1.76 1.50 7.43 
ié" —- 7.83 3.98 4,31 2,61 .79 1.48 3.50 
Avg. ——— 15*25 6.01 3.98 3,96 .99 1.93 5.35 
^Values for week 1 were not included because of the variable nature 
of the data when only small amounts of leaf area were present. 
When averaged over years and plotted versus time, the CGR curves for 
the 3- and 4&-inch treatment appear generally quadratic (Figure 26), 
Growth rates for the if-inch treatment present a predominantly linear 
pattern, however, reflecting the linear appearance of the dry matter 
accumulation curve for that particular sward. 
Stand and disease incidence 
Stands in Period II contained significantly fewer plants per square 
foot in 1966 than in 19^5 despite a higher seeding rate for the I966 plots 
(Table 39 and 40). Defoliation treatments exerted a significant effect 
upon stand when data were combined over years. The effect of dates was 
also significant, but year by treatment and year by date interactions 
were not. Stands averaged over the Period contained 10.8, 13.1, and 12.9 
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Figure 25, Mean daily crop growth rates (CGR) in tons dry matter per acre per day for Empire birds-
foot trefoil cut to three heights, mean daily temperature (T), precipitation (P), and 
solar flux density (S) during Period II within years - Ames, Iowa - I965, 1966 
120 
1 r 





















. 0 4 0 -
. 020  
0 
- . 020  - ———-O" — ——Zj. ^  ^ ^ 
0  1  2  3  4  5  6  7  
W E E K S  A F T E R  C U T T I N G  
Figure 26, Mean daily crop growth rates (Cœ) in tons dry matter per acre 
per day during Period II averaged over years for Enpire birds-
foot trefoil cut to three heights - Ames, Iowa - I905, I966 
Withiri each year the data indicate similar trends in the number of 
plants per square foot, but there was sufficient variability in stand 
and insufficient degrees of freedom (two and six) in the comparisons to 
obtain statistical significance. Figure 2? illustrates the effect on 
stands by each treatment. Substantial numbers of plants died beginning 
the second week. The problem was equally severe in both years. The 
most dead plants were counted in the li-inch treatment. Fewer were found 
in the 3-inch swards and almost none in the 4§--inch swards. These obser-
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Table 37» Mean daily crop growth rates (CGR) in tons dry matter per acre 
per day during Period H for Ehpire birdsfoot trefoil cut to 
three heights - Ames, Iowa - 19^5» 19^6 
Week of regrowth (G./m^/ 
Tmt, 1 2 3 4 5 6 7 Avg. day) 
ÎSéS. 




.005 .013 2.921 
3" -.014 .014 .024 .022 .050 .013 .020 .018 4.044 
.000 .016 .031 .023 .044 .015 =.009 .017 3.819 
Avg, 
-.004. .012 .023 .017 .053 .008 .005 .016 3.595 
1266 
ll" .010 -.002 .002 .004 -..003 .010 .040 .009 2.022 
3" .008 .023 .000 .028 .003 .028 .019 .016 3.595 
.015 .014 -.004 .034 .008 .005 .032 .015 3.370 
Avg. .011 .012 .001 .022 .003 .014 .030 .013 2.921 
1969-1966 
li" .006 .002 .008 .005 .030 .003 .024 .011 2.471 
3" -.011 .019 .012 .025 .027 .020 .020 .016 3.595 
.008 .015 .014 .028 .026 .010 .021 .017 3.819 
S .001 .012 .011 .019 .028 .011 .022 .015 3.258 
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Table 38» Average percent of-stems in bloom during period II for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - I965, 
1966 
Weeks after cutting 
Tmt. 0 1 2 3 k 5 6 7 
2âàl 
1|" 0 0 0 0 0 0 3 3 
3" 0 0 0 0 0 0 l+S^ 4 
0 0 0 2 3 2+8 2+S 5fS 
1&" 0 0 0 0 0 1 X 1 
3" 0 0 0 1 1 1 • 2 2 
4" 0 0 0 1 1 2 2 2 
&Seed pods present. 
vations were consistent both years. The plants either died before regrowth 
was initiated or became yellow and died soon after regrowth was underway, 
•When dead and yellowing plants were first observed in 19^5» a number 
of such plants were randomly dug from the plots and examined. The appear­
ance of the vascular tissue in the crowns definitely indicated the presence 
of disease. A splitting of this tissue was noted in many instances, Agar-
plate isolations were made from a number of dying plants. Subsequent 
examination of the plates resulted in positive identification^ of Rhizoctonia 
^Examination of the agar cultures and identification of the pathogenic 
organisms present was done by Dr. D. C. Norton of the Plant Pathology Staff, 
Department of Botany and Plant Pathology, Iowa State University, 
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Table 39* Average number of plants per square foot (stand) during Period II 
for Empire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 é 7 Avg. 
MS 
• 
If" 15.2 12.1 11.9 10.2 9.8 9.6 11.0 " 11.8 11.5-
3" 16.2 14.9 13.1 12.5 12.8 13.6 11.8 16.1 13.9 . ' 
16.0 14.0 15,6 9.5 13.4 13.9 13.0 15.9 • 13.9 . . 
Avg. 15.8 ,13.7 13.5 10.7 12.0 12.4 11.9 14.6 13.1 
Mi 
li" 12.1 14.8 11.1 7.1 5.3 5.8 10.5 13.8 10.1 
3" 13.4 10.6 14.8 11.0 11.0 11.6 13.3 12.3 12.3 
11.8 12.7 14.2 9.2 10.6 11.6 11.6 12.6 11.8 
Avg, 12.4 12.7 13.4 9.1 9.0 9.7 11.8 12.9 11.4 
1965-1966 
li" 13.7 13.5 11.5 8.7 7.5 7.7 10.7 12.8 10.8 
3" 14.8 12.7 14.0 11.7 11.9 12.6 12.5 14.2 13.1 
13.9 13.4 14.9 9.4 12.0 12.7 12.3 14.2 12.9 
Avg. 14.1 13.2 13.5 9.9 10.5 11.0 11.9 13.7 12.2 
Table UO, Analyses of variance of plants per square foot (stand) during Period H for Enpire 
birdsfoot trefoil cut to three heights - Ames, lovra - 19^5, 19^6 
Within years Over years 
Source of Mean squares Source of Mean 
variation d.f. 1965 1966 variation d.f. squares 
Replications (R) 3 112.2938* 50.3609* Years (Y) 1 138.7220** 
Treatments (T) 2 63.3828 42.5710 Replications (R)/Y 6 81.3272** 
Linear (L) (1) 97.0224 47.6100 Treatments (T) 2 103.8084** 
Quadratic (Q) (1) 30.4008 37.4532 Y X T 2 2.1456 
Error (a) 6 18.8828 9.0451 Error (a) 12 13.9639 
Dates (D) 7 32.4609* 39.8940** Dates (D) 7 62.9366** 
Linear (L) (1) 26.6064 11.1012 Y X D 7 9.4183 Quadratic (Q) (1) 158.0096** 128.4116** T X D 14 10.8405 
Cubic (C) (1) .9760 52.7516* Y X T X D 14 9.1905 
T X D 14 5.1328 14.8983 Error (b) 126 10.4058 
TL X DL (1) 10.5012 5.2500 
TL X DQ (1) .0011 67.3220** 
TL * (1) .2292 19.5504 
TQ X DL (1) .8576 2.6824 
TQ X DQ (1) .0248 27.6016 
TQ X Dc (1) 07556 24.5504 
R X D 21 10.2327 8,8671 
Error (b) 42 13.2440 8,4237 
Bnt, Date %it. Date Tmt. Date 
.7 .9 .5 .7 .5 .7 
•F value significant at the ,05 level of probability. 
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Figure 27. Number of plants per square foot (stand) during Period II averaged over years for 
Empire birdsfoot trefoil cut to three heights - Ames, Iowa - 19§5» 19^6 
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solani in 5 out of 8 plates. Collatotrichum trifolii and other Fusarium 
genera organisms were also present in most cases. After examining the 
plants and plates, it was the pathologist's opinion that Rhizoctonia organ­
isms were largely responsible for the disease problem, with some additional 
infection by Fusarium organisms. In light of these findings, no additional 
investigation of the problem was undertaken when identical symptoms appeared 
again in I966, 
The quadratic effect for dates was significant in both years because of 
the mid-Period decline in plant numbers in the if-inch sward and to a lesser 
extent in the others. By the end of the seven weeks the plant count had 
recovered to densities approximately equal to those at the beginning of the 
Period, This recovery phenomenon was apparently due to new plants origi­
nating from seed and is discussed in greater detail in a later section. 
Carbohydrate Levels 
Period II results for TAC in roots and crowns are presented in relative 
terms as percent of dry weight and in absolute terms as grams per 100 plants. 
Roots 
The percent TAC are presented in Figures 28 and 29, Numerical values 
within years and averaged over years are listed in Table 41, Results of 
the analysis of variance are shoim in Table 42, 
Significant differences existed due to treatments id-th the year by 
treatment interaction not significant. The year by date interaction was 
significant, and vri.thin both years significant differences existed among 
dates when treatments were averaged. Treatment effects were significantly 
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figure 28. Percent total available carbohydrates (TAC) in roots of 
Ehpire birdsfoot trefoil cut to three heights, mean daily 
. temperature (T), precipitation (P), and solar flux density 
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Figure 29, Percent total available carbohydrates (TAG) during Period II 
averaged over years in roots of Qnpire birdsfoot trefoil cut 
to three heights - Ames, Iowa - 1^65, I966 
levels were decreased directly in proportion to the severity of the defolia­
tion. TAG averaged 3.82, 5.03, and 6.29 percent for the if-, 3-, and 
inch treatments, respectively. The levels averaged slightly less than one 
percentage unit higher over all treatments during Period II compared to 
Period I. 
TAG changes over dates differed in Period II from those in Period I. 
During Period I TAG levels barely recovered to their initial levels. 
During Period II, however, there was a slight reduction in response to 
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Table 4l. Average percent total available carbohydrates during Period II 
in roots of Bupire birdsfoot trefoil cut to three heights -
Ames, Iowa - 19^5» 19^6 
Weeks after cutting 
Tat. 0 1 2 3 4 5 6 7 Avg, 
li" 3,40 2.28 1.95 3.08 3.80 4.20 6,22 7.55 4.06 
3" 3.76 3.52 2.33 3.19 5.0? 5.04 8,12 8.92 5.00 
3,95 3.84 2,32 5.03 7.36 6,27 8,92 9.33 5.88 
Avg, 3.71 3.21 2.20 3.77 5.41 5.17 7.75 8.60 4,98' 
1266 
li" 3.12 2.43 1.66 1.89 2.37 2.93 5.81 8.46 3,58 . '• 
3" 3.49 •3.70 2.59 2.98 3.67 4.38 8,64 11.06 5.06 
3.83 4.64 4.92 5.32 5.13 7.30 10,41 12.01 6.70 
Avg, 3.48 3.59 3.06 3.40 3.73 4.87 8,29 10.51 5.11 
1965-1966 
li" 3.26 2.36 1.80 2.49 3.09 3.56 6,02 8.01 3.82 
3" 3.62 3.61 2.46 3.09 4.37 4.71 8,38 9.99 5.03 
3.89 4,24 3,62 5.17 6.25 6.79 9,66 10.67 6.29 
Avg, 3.59 3.40 2.63 3.58 4.57 5.02 8,02 9.56 5.04 
Table 42. Analyses of variance of percent total available carbohydrates during Period II in roots 
of Bnpire birdsfoot trefoil cut to three heights - Ames, lovja - 19^5» 19^6 









56.5186»* 7.1546 Years (Y) 1 .8897 
26.4237** 77.5159** Replications (R)/Y 6 31.8365»* 
52;7804** 154.8780** Treatments (T) 2 97.1840** 
;oi27 1.2200 Y X T 2 6.7556 
1.9943 2.0948 Error (a) 12 2.0446 
59.9023** 91.4957** Dates (D) 7 144,7223** 
325.5108** 439.7124** Y X D 7 6.6755** 
60.5698** 181.6320** T X D 14 2.5616** 
9.1224** 6,6036** Y X T X D 14 .8711 









Tmto Date Tftftt. Date Tmt. Date 
c25 .19 .26 .18 .18 ,18 
Replications (R) 3 
Treatments (T) 2 
Linear (L) (i) 
Quadratic (Q) (i) 
Error (a) 6 
Dates (D) 7 
Linear (L) (1) 
Quadratic (Q) (1) 
Cubic (C) (1) 
T X D 
* ^L (1) 
X Dq (1) 
X Dc (1) 
DL (1) 
X DQ (1) 







R X D 
Error (b) 
•F value significant at the ,05 level of probability. 
**F value significant at the ,01 level of probability. 
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defoliation followed by all treatments increasing levels several fold over 
initial values. When averaged over years to minimize the environmental 
effects, the data indicated similar response by the three treatments 
after the first week (Figure 29). 
Data for grams TAG per 100 plants are presented in Table 43, Although 
these data exhibited greater variability due to variation in root weights, 
the same significant comparisons existed as were previously described for 
the percentage data (Table 44). 
The dry weights of the root samples were significantly affected by 
treatments and by dates as indicated by the data in Tables 45 and 46, 
Within years, treatments were significant in I966 and dates were signif­
icant in 1965, Average root weights were similar for the tifo years. When 
examined over years, the weights averaged 41.3, 39.4, and 44,4 grams per 
100 plants for the top six inches of root portion for the 1%-, 3-, and 4i-
inch treatments, respectively. The net increase in root weights over dates 
was greater as treatment height increased when averaged over years. 
Crowns 
Carbohydrate levels of the crowns as indicated by percent TAC exhibited 
responses similar to those of the roots (Figures 30 and 31 and Tables 4? 
and 48). Over all treatments and dates, crowns averaged approximately 
•two percentage units lower than the roots. 
Treatment differences were small but significant and linear in both 
years indicating a linear increase in percent TAC \ri.th increasing height 
of defoliation. Responses were more variable in 19^5, but in both years 
all treatments showed a definite response to initiation of regrowth by a 
decrease in TAC level after the first week. Although the cubic effect of 
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Table 43. Average grams total available carbohydrates per 100 plants 
during Period II in roots of Sapire birdsfoot trefoil cut to 
three heights - Ames, Iowa - 1965, I966 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 " " 6 7 Avg. 
ISÉS 
li" 1.40 1.06 .63 1.16 1.30 2.00 2.96 3.71 1.7& 
3" 1.59 1.17 .90 1.22 1.71 1.70 3.78 4.00 2.01 • 
4-1" 1.52 1.44 .82 2.32 3.04 3.00 5.35 4,24 , 2.72 ', 
Avg. 1.50 , 1.22 .78 1.57 2.02 2.23 4.03 3.99 2.17 
1366 
IT" 1.47 .98 .61 .65 .93 1.14 2.50 3.72 1.50 
3" 1.38 2.23 .92 1.10 1.35 1.50 3.20 5.13 2.10 
1.75 1.84 1.85 2.50 2.23 3.34 5.46 6.35 3.17 
Avg. 1.53 1.68 1.13 1.42 1.50 1.99 3.72 5.07 2.26 
1965-1966 
IT" 1.43 1.02 .62 .90 1.11 1.57 2.73 3.72 1.64 
3" 1.48 1.70 .91 1.16 1.53 1.60 3.49 4.57 2.06 
4T" 1.64 1.64 1.34 2.41 2.63 3.17 5.41 5.30 2.94 
Avg. 1.52 1.45 .96 1.49 1.76 2.11 3.88. 4.53 2.22 
Table 44. Analyses of variance of grains total available carbohydrates per 100 plants during Period 
II in roots of Ehpire birdsfoot trefoil cut to three heights - Ames, loifa - 1965, 19^^ 




d.f. 1965 1966 variation d,f. 
13.1415** .7113 Years (Y) 1 
7.6641* 22,7497** Replications (R)/Y 6 
14.1000** 44.3556»» Treatments (T) 2 
1.2960 1,1408 Y X T 2 
.9535 .5946 Error (a) 12 
17.8795** 23.1460** Dates (D) 7 
93.5684** 101.0008** Y X D 7 
19.9048** 54.5824** T X D 14 
3.0364* 3.0736* Y X T X D 14 









ÎVntc Date Tmt. Date 


















































*F value significant at the ,05 level of probability, 
**F value significant at the ,01 level of probability. 
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Table 45. Average grams root dry weight per 100 plants during Period II 
for Bupire birdsfoot trefoil out to three heights - Ames, Iowa -
1965, 1966 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 é 7 Avg, 
isAi 
li" 41.5 49.0 32.9 36.3 33.4 46.5 47.7 49.5 42.1 
3" 42.7 32.7 35.6 39.0 35.7 34.5 47.3 44.2 39.0 
4" 38.5 38.4 34,5 42.7 40,8 49.3 57.2 ,43.3 43.1 
Avg. 40.9 40.0 34.3 39.3 36.6 43.5 50.8 45.7 41.4 
1966 
li" 4?.? 38.9 37.4 35.1 39.6 38.5 42.2 43.9 40.4 
3" 38.7 55.4 35.0 36.8 37.0 33.7 37.0 45.4 39.9 
45.5 40.1 38.0 47.5 42.9 45.2 52.4 53.1 45.6 
Avg. 44.0 44,8 36.8 39.8 39.8 39.2 43.9 47.4 42.0 
1965-1966 
li" 44.6 43.9 35.2 35.7 36.5 42.5 44.9 46.7 41.3 
3" 40.7 44.1 35.3 37.9 36.3 34.1 42.2 44.8 39.4 
42.0 39.3 36.3 45.1 41.9 47.3 54.8 48.2 44.4 
Avg. 42.4 42.4 35.6 39.6 38.2 41.3 47.3 46.6 41.7 
Table 46, Analyses of variance of grams root dry weight per 100 plants during Period II for Bnpire 












































966.0444* 118.9623 Years (Y) 1 15.1315 
1(49.3704 317.5693** Replications (R)/Y 6 542.5032** 
15.6204 428.4900 Treatments (T) 2 397.0032* 
281.3008 208,3332 Y X T 2 69.9362 
112.3267 33.4070 Error (a) 12 72.8668 
323.7026* 153.1144 Dates (D) 7 378.4722»* 
887.4868** 51.5584 Y X D 7 98.3446 
499.2116* 753.8668* T X D 14 100.1464 
260.7064 7.3700 Y X T X D 14 110.5709 









Tmt. Date Tnt. Date Tmt. Date 
1.9 2.7 1.0 3.3 1.1 2.3 
* F  value significant at the .05 level of probability. 






















2 ^  
z 
iC 







2  3  4  5  6  7  
W E E K S  A F T E R  C U T T I N G  
Figure 30, Percent total available carbohydrates (TAC) in crowns of 
Empire birdsfoot trefoil cut to three heights, mean daily-
temperature (T), precipitation (P)i and solar flux density 
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Figure 31. Percent total, available carbohydrates (TAG) during Period II 
averaged over years in crowns of Bnpire birdsfoot trefoil cut 
to three heights - Ames, Iowa - I965, I966 
dates was significant both years, the quadratic sum of squares was always 
much greater and thus predominated in the response pattern over dates. 
Reserve carbohydrate levels increased markedly during the last two to 
three weeks indicating a fall buildup similar to that of the roots. 
Responses in terms of grams TAG per 100 plants were similar to those 
of the percentage data but were more variable. The 3-inch treatment was 
not consistent in its relationship to the other two treatments when aver­
aged over years (Tables 4$ and 50)» TAG in the crowns averaged about one-
half the weight of TAG contained in the roots. 
The data on crown dry weight per 100 plants and the corresponding 
analyses of variance are shown in Tables 51 and 52, respectively. Treat­
ments differed significantly when analyzed over years but not within 
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Table 4?» Average percent total available carbohydrates during Period II 
in crowns of Bupire birdsfoot trefoil cut to three heights -
Ames, Iowa - I965, 19^6 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
2Ml • 
li" 1,58 1.64 1.23 1.96 2.36 2.56 4,09 4.26 2.46 
3" 1,84 2.16 1.36 1.78 3.19 3.12 4.16 5.11 2.84 
2^.11 1.84 1.94 1.52 3.29 4.89 3.79 5.12 4.98 3*42 
Avg, 1.75 1.91 1.37 2.35 3.48 3.16 4.46 4.78 2.91 
1966 
It" 1.89 1.95 1.05 1.53 1.76 2.17 3.36 4.59 2.29 
3". 1,82 2.44 ' 1.49 1.77 1.99 2.69 4.89 6O35 2.93 
2.11 2.83 2.36 2.38 2.52 3.89 5.68 7.08 3.61 
Avg, 1.94 2.41 1.64 1.90 2.09 2.92 4.64 6.01 2.94 
1965-1966 
li" 1.74 1.79 1.14 1.75. 2.06 2.37 3.73 4.42 2.37 
3" 1.83 2.30 1.43 1.78 2,59 2.91 4,52 5.73 2.89 
1.97 2.39 1.94 2.84 3.71 3.84 5.40 6.03 3.52 
Avg. 1.85 2,16 1.50 2.12 2.79 3.04 4.55 5.40 2.92 
Table 48. Analyses of variance of percent total available carbohydrates during Period II in 
crowns of Ehipire birdsfoot trefoil cut to three heights - Antes, Iowa - I965, I966 









Replications (R) 3 13.2434* 1.7379* Years (Y) 1 .0585 
Treatments (T) 2 7.5219* 13.9419** Replications (R)/Y 6 7.4906** 
Linear (L) (1) 14.7840* 27.8256** Treatments (T) 2 20.9132** 
Quadratic (Q) (1) .2160 .0061 Y X T 2 .5506 
Error (a) 6 1.4093 .3631 Error (a) 12 .8862 
Dates (D) 7 19.3688** 29.3006** Dates (D) 7 45.1913 
Linear (L) (1) 116.7176** 136.3856** Y X D 7 3.4781** Quadratic (Q) (1) 6.3516** 60.5280** T X D 14 .8580** 
Cubic (C) (1) 2.5048** 2.7020** Y X T X D 14 .7653** 
T X D 14 .8562*» .7671** Error (b) 126 .3289 
TL X DL (1) 1.4120* 6.9892** 
TL X DQ (1) 2.9232** .3012 
TL X Dc (1) .8528 .2810 
TQ X Dl (1) .0254 .5956 
TQ X DQ (1) 1,8772** .5916 
TQ X Dc (1) .3219 .1644 
R X D 21 .7475** .2090 
Error (b) 42 .2113 .2973 
IVat* Date Iht. Date Œkt. Date 
®x .21 .11 .11 .14 .12 .12 
*F value significant at the ,05 level of probability. 
•*F value significant at the .01 level of probability. 
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Table 49. Average grams total available carbohydrates per 100 plants 
during Period H in crowns of Eapire birdsfoot trefoil cut to 
three heights - Ames, Iowa - 19^5) 19^^ 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
li" M .76 .42 .67 .72 1.16 1.90 1.88 1.00 
3" .53 .63 .43 .63 1.10 .97 1.54 1.78 .95 
.54 î66 «46 1.42 1.46 1,56 2.35 1.70 1,27 
Avg. .51 .69 .44 .91 1.10 1.23 1.93 1.79 1.07 
1266 
li" .56 .44 .24 .37 .55 .79 1.53 1.77 .78 
3" .50 1.06 .33 .52 .48 ,66 1.40 2.02 .87 
4i" .67 .71 .52 .83 .78 1.27 2.33 2.85 1.25 
Avg. .58 ,74 .37 .57 .60 .91 1.75 2.21 .97 
1965-1966 
li" .51 .60 .33 .52 .63 .98 1.72 1.83 .89 
3" .51 .84 .38 .57 .79 .82 1.47 1.90 .91 
4i" .61 .69 .49 1.13 1.12 1.42 2.34 2.27 1.26 
Avg, .54 .71 .40 . .74 .85 1.07 1.84 2,00 1.02 
Table 50» Analyses of variance of grams total available carbohydrates per 100 plants during Period 
II in crOTTOS of Empire birdsfoot trefoil cut to three heights - Ames, Iowa - I965, I966 
Within years Over years 
Source of Mean squares Source of • Mean 
variation d.f. 1965 1966 variation d.f. squares 
Replications (R) 3 1.6757** .3413 Years (Y) 1 .5536 
Treatments (T) 2 .9#0* 1.9520* Replications (R)/Y 6 1.0085** 
Linear (L) (1) 1.1992* 3.4412»* Treatments (T) 2 2.7388** 
Quadratic (Q) (1) .6960 .4296 Y x T 2 .1572 
Error (a) 6 .1691 .1926 Error (a) 12 .1809 
Dates (D) 7 3.7366** 5.1956** Dates (D) 7 8.4238** 
Linear (L) (1) 22,5300** 23.6600** Y x D 7 .5084* Quadratic (Q) (1) .9604* 10.8533** T x D 14 .2432 
Cubic (C) (1) .5212 ,2796 Y x T x D 14 .19^14 
T x D 14 .2140 .2235 Error (b) 126 .1913 
TL * I>L (1) .0444 . 1.1456* 
Tl x Dq (1) .9752* .1604 
Tl x Dc (1) .3851 .0891 
Tq x Dl (1) .2006 .8612* 
Tq x Dq (1) .1187 .0014 
Tq x Dc (1) .1306 .4lZf4 
R x D 21 .4006* .0584 
Error (b) 42 .1831 .1614 
Tmt, Date Tmt, Date • Tmt. Date 
®x .07 .11 .08 ,10 .05 .09 
•F value significant at the ,05 level of probability. 
**F value significant at the ,01 level of probability. 
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Table ^ 1. Average grams crown dry weight per 100 plants during Period II 
for Ekpire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966 
Weeks after cutting 
Tnxt. 0 1 2 3 4 5 6 7 Avg. 
isAi 
IT" 29.8 48.0 35.3 34.9 31.0 43.3 47.0 45.7 39.4 
3" 29.7 29.7 31.0 37.2 35.2 30.5 39.6 34.8 33.5 
29.6 36.7 31;1 43.2 31.0 45.0 43.9 33.4 36.7 
Avg. 29.7 38.1 32.5 38.4 32.4 39.6 43.5 37.9 36.5 
1266 
IT" 29.3 22.2 22.5 23.7 31.7 36.5 45.2 38.4 31.2 
3„ 27.5 44.4 22.2 28.0 24.4 24.8 28.7 32.1 29.0 
4|" 31.6 26.7 23.3 34.8 30.2 32.9 40.9 39.8 32.5 
Avg. 29.5 31.1 22.7 28.9 28.8 31.4 38.2 36.8 30.9 
1965-1966 
IT" 29.5 35.1 28.9 29.3 31.1 39.9 46.1 42.1 35.3 
3" 28.6 37.1 26.6 32.6 29.8 27.7 34.1 33.4 31.2 
4&" 30.6 31.7 27.2 • 39.0 30.6 38.9 42.4 36.6 34.6 
Avg, 29.6 34.6 27.6 33.6 30.6 35.5 40.9 ' 37.4 33.7 
Table 52, Analyses of variance of grams crovm dry weight per 100 plants during Period II for 
Empire birdsfoot trefoil cut to three heights - Ames, Iowa - I965» 1966 











1251.2322* 191.9964 Years (Y) 1 1513.1765** 
281.3621 100.2431 Replications (R)/Y 6 721.6138** 
111.3024 28.6224 Treatments (T) 2 301.6079 
450.1876 172.5208 Y X T 2 79.9971 
197.9167 83.8912 Error (a) 12 140.9040 
252.2794 287.1328* Dates (D) 7 457.8750** 
715.2384* 913.1480* Y x D 7 81.5368 
16,2148 489.7028 T x D 14 113.8232 
.0291 94.7928 Y x T x D 14 146.5638 








128,4406 126.0671 • 
Tmt, Date Tmt. Date Tmt. Date 
2.5 2.8 1,6 2.8 1.5 2.2 
Replications (R) 3 
Treatments (T) 2 
Linear (L) (1) 
Quadratic (Q) (1) 
Error (a) 6 
Dates (D) y 
Linear (L) (1) 
Quadratic (Q) (%) 
Cubic (C) (1) 
T x D 
X ^  (1) 
x Dq (1) 
X Do (1) 
* ^  (1) 
X ^  (1) 





R x D 
Error (b) 
Sx 
•F value significant at the ,05 level of probability, 
**F value significant at the ,01 level of probability. 
M 
each year. The 3-inch treatment produced the lowest crown weights in 
both years. Crowns of the ly-inch treatment were heavier than those of 
the ^ -inch treatment in 19^5 and vice versa in I966, The differences 
obtained between treatments may have, therefore, resulted largely from 
random variability vrith no reliable evidence of a treatment effect. 
The effect of dates was significant in the combined analysis of 
variance and in the within years analysis of variance for I966, Increases 
in weight over the Period were consistent in all treatments. The dry 
weight of 100 crowns increased from 29,6 to 37.4 grams when averaged over 
all treatments. 
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DISCUSSION - PERIOD H (LATE-SUMMER REGROWTH) 
Leaf Area Development 
Leaf area differences among treatments were relatively small at the 
beginning of Period H compared with Period I, LAI values did not increase 
in any significant amount in any treatment until the third week. At that 
point the curves began to diverge, but by the fifth week there was little 
difference in the rates of increase (Figure 21), In 19^5» an environmental 
influence, very likely the decrease in temperature, solar radiation, or 
both completely stopped or severely reduced net LAI increase in all treat­
ments o A similar occurrence in I966 failed to have any noticeable effect, 
however. This may have been because the temperatures were already low 
during the two previous weeks and leaf formation was proceeding steadily 
but at rates lower than in 19^5» 
LAI developed similarly in the 3- and ^ i-inch swards but was depressed 
markedly by disease and possibly other detrimental effects in the li-inch 
treatment. Considering that 0.37 LAI remained on the ^i-inch sward at 
"the end of the first week compared with none on the ly-inch sward and 0.04 
on the 3-iAch sward, it is evident that the sward with the most residual 
leaf area did not have nine-fold advantage in rate of LAI expansion over, 
the one intermediate in LAI. When averaged over years.(Figure 21), the , 
data show that initial differences in LAI between the 3- and 4^-inch swards 
were generally maintained throughout the first five weeks but that the 
differences became less thereafter. This was probably due to the larger 
loss of leaves observed in the 4i-inch swardo 
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Dry Matter Accumulation 
The dry matter accumulation curves for the 3- and 4|--inch treatments 
paralleled each other throughout the entire Period during both years. Ini­
tial differences in dry matter were generally maintained, and the additional 
0.43 LAI at week zero (or additional 0.33 LAI at week one) provided no 
significant advantage for increasing the rate of dry matter production. 
Further evidence for this conclusion is provided by the CGR data in Figure 
26 and Table 37. 
Leaf efficiency generally decreased as treatment height increased 
although the data were not consistent in this pattern. The relatively 
low efficiencies of the last two weeks were due to the reduction in sun­
light during those weeks as indicated by the solar flux density values. 
A linear relationship existed between LAI and dry matter produced for 
all treatments during the entire Period (Figure 32). The regression line 
slopes indicated only a very small advantage for the 4|-inch treatment 
over the 3-inch; and, after seven weeks of regrowth, the 4|-inch treat­
ment had accumulated only a nonsignificant 0.05 ton additional dry matter 
per acre compared with the 3-inch treatment. Disease and possible physio­
logical effects of severe defoliation drastically reduced the growth rates 
of the l-f-inch treatment. 
Flower initiation appeared to be less closely associated with 
reductions in CGR in Period II than was^the case in Period I, Relatively 
few blossoms were present as compared with bloom in Period I, Smith 
(1962b) reported that flowering was reduced during early August but in­
creased again in mid-August and continued until mid-October. CGR values 
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Figure 32, Tons dry matter per acre increase per unit lAI increase 
during Period II averaged over years for Entire birdsfoot 
trefoil cut to three heights - Ames, Iowa - I965» 1966 
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of the data available. Correlations of-CŒl's with olimatological factors 
failed to indicate any consistent relationship with any of the treatments 
(Table 53). 
Stand and Disease Incidence 
Since disease was a significant factor in the l&-inch treatment in 
both years, it is not possible to determine the effect of cutting height 
and residual LAI per se. The disease did effect a significant reduction 
in plant numbers (Figure 27). The reduction was not permanent, however, 
Table 53. Correlation coefficients^ between CGR values and maximum, 
minimum, and mean daily temperatures, total precipitations, 
and average daily solar flux density for Period II - Ames, 
Iowa - 1965» 1966 
Tmt, Maximum 
Temperature 












.22 -.03 .50 
,66 
.37 .53 -.77* .81* 
1266 
IT" .16 -.28 -.06 —.24 .31 
3" —.50 -.44 -.50 .47 -.30 
4?" .16 -.16 .00 .00 .55 
^The inclusion of asterisks to denote statistical significance at 
P = ,05 level is meant to act only as a guide in interpreting the data 
since the CGR values were not independent of each other due to the method 
of calculation. 
149 
and by the end of the Period stands in the affected treatments were 
nearly eqiial to those present initially, A possible explanation for such 
a recovery may be similar to that proposed by Nelson and Smith (1968a). ' 
They reported finding no difference in root dry weights over the season 
and attributed this to an artifact caused by seedling plants observed to 
be present in the two-year old sward. The source of such plants was 
attributed to seed formed during the previous year. 
The stand recovery observed in the present study indicates that 
seedlings may have become established from seed in the li-inch swards 
because of reduced competition from herbage and subsequent thinning due 
to the death of some plants. With less herbage more solar energy reached 
the soil increasing the soil temperature and improving conditions for the 
germination of hard seed remaining from the previous year or neiv seed 
which had been formed prior to Period II, Any plant large enough to be 
dug and counted was included in the stand count but without notation as 
to the relative number of very small plants. Therefore, it cannot be 
positively ascertained that new plants were present in increasing numbers 
during the last part of Period II, The root weight data (Table 45) do 
not consistently show decreased root weights for the li-inch treatment 
during the last few weeks of the Period as might be expected if very 
small plants were present. Such an effect on the root weights may have 
been offset by growth and increased weight of the remaining roots and 
crowns which were subject to less competition. 
The prevalence of disease in the l&-inch treatment, the less severe 
incidence of it in the 3-inch treatment, and the complete absence of it 
in the 4|--inch treatment clearly demonstrated that severe defoliation was 
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a causative factor in disease incidence. Defoliation at It inches resulted 
in several effects, any one or combination of which may have been respon­
sible for enhancing disease, First, the short cutting height brought the ' 
exposed vascular tissue into closer proximity with the source of the in­
fecting organisms in the soil. Splashing raindrops or perhaps even heavy 
dew may have facilitated the entry of organisms into the injured stems. 
Second, complete removal of the canopy exposed the soil and the crowns 
to more intense solar radiation possibly optimizing the temperature condi­
tions necessary for disease organisms to become established. Such a tem­
perature effect may have been the key factor since disease incidence did 
not occur in the li-inch treatment in Period I nor was as severe in the 3- • 
and 4&-inch plots where some shading by the stubble still remained. The 
data of Tables 2 and 3 and Figures 7 and 22 clearly show that temperatures 
were several degrees higher during the first two weeks of Period II than 
during the first two weeks of Period I, Soil and plant tissue temperatures 
could be expected to average several degrees, higher than ambient t^nper-
atures. 
The third factor possibly contributing to increased susceptibility 
was the relatively low carbohydrate levels maintained in the if-inch 
treatment subsequent to defoliation. The first four weeks of Period II 
covered the interval over which plants became infected and the disease 
became established in the roots of the l^-inch treatment. During this 
time TAC averaged 2,48 percent compared with 3*62 percent for the similar 
interval in Period I, Although Period I percentages were already very 
low when con^ared with early-spring or late-fall levels of 25 to 30 per­
cent, it may be possible that a difference of one percentage unit was 
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critical at such low levels. Certain metabolic processes contributing 
to disease resistance may have ceased to function and thereby increased 
susceptibility to disease. Similar disease problems in trefoil stands 
in midsummer have been reported by Henson (I962) who also found Rhizoctonia 
and Fusarium organisms involved. He reported that precipitation patterns 
could not fully e^lain differential killings from year to year» He con­
cluded that the more decumbent plants were most susceptible and that 
there appeared to be good possibilities for incorporating disease resis­
tance through breeding. Miller ^  (I964) found Ekpire to be more 
susceptible to disease than the erect types. Nelson and Smith (1968a) 
also reported plant losses due to disease in their study. 
Evidence from the present study directly implicates severe defolia­
tion as a factor responsible for inducing conditions leading to disease 
susceptibility and infection. Further studies are needed to identify 
the specific environmental and physiological factors responsible. 
Carbohydrate Levels 
Root carbohydrate levels responded similarly over the two years 
within the respective treatments. TA,C percentages remained low at the 
beginning of Period H in line with the characteristically low levels 
maintained by trefoil during the summer, even when left uncut (Smith, 
1962a; Greub, I966; Nelson and Smith, 1968b), The effects of the residual 
leaf area on carbohydrate levels during the first week after defoliation 
can be seen in Figure 29 and are identical to the responses discussed for 
the first week of Period I. The decrease in the 4§-inch treatment level 
may have been caused by the low solar radiation during the first week. 
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As in Period I, regrowth demands for carbohydrates in Period II did not 
occur in the 3- and 4§-inch treatments until approximately one week after 
defoliation* At or near the end of the second week, reduction of TAC had 
occurred in relation to severity of defoliation. Also, at about this time 
the movement of carbohydrates reversed direction and levels began to in­
crease, If the movement of carbohydrates were reversed at essentially the 
same time in all treatments as these data indicate may have occurred, this 
could be evidence that carbohydrate utilization and storage is a metabolic 
process not directly influenced by residual leaf area nor by the carbol^-
drate level itself. This could be true if reversal of the movement occurred 
independently of residual leaf area and carbohydrate level, A plausible 
explanation for such a phenomenon may be that newly-formed leaves begin to " 
exert a control over metabolism which in turn causes or influences carbo­
hydrates to move back into the roots. Little new leaf growth appeared 
before the second week. 
If it were simply a matter of producing enough photosynthate to exceed 
respiration and groirth demands, the failure of the sward with the most 
residual leaf area to reverse carbohydrate movement first provided further 
evidence for the relative ineffectiveness of the residual leaf area. Based 
on the responses during the first week, it appears doubtful that the remain­
ing leaves are failing to provide any photosynthate and that the storage-
utilization control is one of simple supply and demand. More data points 
are necessary to characterize the curves more completely during this cyclic 
period so that the sequence of events can be accurately determined. 
Although the cubic sum of squares for effect of dates was significant 
both years, it was relatively small compared to the quadratic sum of squares. 
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Thus, there was a significant cyclic response to defoliation. Figure 28 
indicates that it occurred in aH'treatments in both years except for the 
H-inch treatment in I966, The TAC levels in roots from those plots failed 
to decrease following cutting, but a small decrease did occur in the crai-ms« 
Differences in TAC due to treatments were maintained through the Period 
although the relative differences among the treatments varied from- date to 
date. The carbohydrate level of all treatments increased rapidly the last 
two weeks as if in response to an environmental stimulus (Figure 29). This 
increase in carbohydrate reserves was the beginning of a normal fall accu­
mulation during which levels of 25 to 30 percent TAG are attained by trefoil 
roots (Smith, 1962a; Greub, I966; Nelson and Smith, 1968b). Thus, trefoil 
is. similar to alfalfa in that high levels of carbohydrates are required for • 
ovenfintering. It differs from alfalfa in that during the summer under 
Iowa conditions, TAC levels remain low until approximately August 20 when 
rapid increases are initiated. Although the results of this study show 
that carbohydrate reserves are reduced subsequent to defoliation and then 
recover in a cyclic pattern similar to alfalfa, the magnitude of the response 
is far less in trefoil than in alfalfa. Trefoil roots have the potential 
to store large amounts of carbohydrates, but this capacity is not expressed 
until late summer and is stron^y indicative of being a genetically con­
trolled response activated by reduced temperature, shorter photoperiod, or 
both. 
Since root weights increased over the Period and percent TAC also 
increased, the absolute amounts of carbohydrates were increasing at rates 
even greater than indicated in the percentage data of Figure 29, The same 
was true for carbohydrates in the crowns except there was no consistent 
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relationship between net increase in dry weight and cutting height. The 
relative importance of crowns as a carbohydrate storage site was similar 
to that for Period I. TAC levels were always approximately one-half those 
in the roots. 
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GENERAL DISCUSSION 
A significant increase in net dry matter yield was obtained over 
seven-week regrotrfch intervals during both Period I and II (after first 
and second harvest) from a trefoil sward out to 3 or ^  inches as com­
pared with a sward cut to li inches. The net dry matter accumulation data 
plotted in Figure 33 show that the 3- and 4i-inch treatments responded 
similarly over the entire Period I. The difference between these and the 
li-inch treatment was evident during the- second and third weeks when the 
3- and 4&-inch treatments were accumulating dry matter at a comparatively 
faster rateo Thereafter, the rates of net increase were essentially simi­
lar for all treatments. 
In Period II, the data plotted in Figure 33 indicate that an initial 
difference in net accumulation between the 3- and 4i-inch swards was due 
to the inverse response pattern during the first week. Subsequent to this 
and until the sixth week, the rates of accumulation were essentially simi­
lar. The rate of net accumulation in the l^-inch sward showed some increase 
over time but was generally less than rates for the other treatments. The 
relatively greater reduction in rate for the li-inch treatment in Period II 
compared with Period I was probably a direct effect of disease. 
Assuming that the apparent inconsistencies in the dry matter accumu­
lation responses during the first week were due to random variability 
rather than valid influences of the cutting treatment and that true regrowth 
began after the first week, the data as plotted in Figure 3^ further illus­
trates the growth responses of the three swards independent of relative 
differences due to responses during the first week, e.g., loss of leaves 
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Figure 33. Net accmulated tons dry matter per acre beginning at week 0 
(weeldy yield minus yield at week O) in Empire birdsfoot trefoil 
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Figure 34. Net accumulated tons dry matter per acre beginning at week 1 
(weekly yield minus yield at week 1) in Empire birdsfoot trefoil 
cut to three heights - Ames, Iowa - I965, I966 
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the main differences in rate of net dry matter increase occurred early 
in both Periods, and the failure of any beneficial effect of residual LAI 
to persist over the entire seven weeks is clearly illustrated. 
The factor most responsible for differences in dry matter accumula­
tion may have been leaf area accumulation. Net leaf area accumulation 
data from the beginning of the second week to the end of the Periods are 
shown in Figure 35» These curves show the similarity in leaf area accumu­
lation patterns for the 3- and ^I'-inch swards during the first five weeks 
of the Period, The curves for Period I indicate the 4&-inoh sward may 
have held a significant advantage in rate of increase during the third 
week, but it was quickly lost as leaf loss increased and leaf production 
was reduced or stopped. The added effect of disease can be seen in the 
leaf area response for the li-inch treatment during Period II, Even 
though leaf efficiency was generally higher for the li-inch treatment, 
there was insufficient leaf area present to overcome the advantages of 
the other two treatments. 
Examining the rates of leaf area accumulation does not identify 
the factor or factors controlling the lAI response. Rates of leaf loss 
and leaf formation are confounded in the LAI accumulation data, and no 
measurements were taken which would aUow the two to be separated. Resid­
ual leaf area may have functioned significantly during the first two or 
three weeks of regrowth. Evidence of this is the differential TAG responses 
during the first week wherein carbohydrates accumulated or levels held 
steady in those treatments with residual leaf area. Evidence for the 
contribution of the residual leaves to increased growth rates is not as 
dear, but there was some trend in this direction. No data are available 
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Figure 35* Net accumulated LAI beginning at week 1 (weekly LAI minus 
LAI at week 1) in Empire birdsfoot trefoil cut to three 
heights - Ames, Iowa - I965, 19^6 
l6o 
Gonceming the functional life of trefoil leaves. Brougham (1958b) 
reported that white clover leaves have a life syde of approximately ^ 0 
days* Brown et (I966) reported white clover leaves to be of little 
or no benefit when four-weeks old. 
The age of the leaves present in the stubble at the beginning of 
Period I is difficult to estimate because of the_decumbent, branching 
nature of trefoil. It would be expected that most of the leaves initially 
formed during spring grotrth would be at or near senescence and death at 
the time cutting treatments were imposed. Yet, little leaf loss or even 
yellovâng of leaves was observed at time of cutting in early June, The 
older, residual leaves in the Period II plots after cutting to 3 inches 
in early June would be expected to have been lost when Period II was ini­
tiated in mid-July, Some leaf loss was indeed observed in this case, 
Brotfn et al. (I966) have suggested that residual lAl may function for 
a short time following defoliation but thereafter becomes nonfunctional, 
perhaps even detrimental, and may as well have been harvested to increase 
yield. The results of the present experiment offer further evidence to 
support their conclusions. However, their theory can be carried to extreme 
with trefoil as evidenced by the detrimental effect of the l^-inch treat­
ment observed on all parameters except leaf efficiency and root weights. 
The role of residual leaf area in the if-inch treatment may have been 
confounded with the availability of active, axillary regrowth sites. 
During Period II there was probably little difference between the effect 
of the 0,04 LAI remaining on the 3-inch treatment and the absence of the 
LAI on the 1-2-inch treatment, yet regrowth rates were decidedly reduced 
in the l^-inch sward. However, fewer axillary buds remained in the Ij-
l6l 
inch sward because a larger portion of the stems were removed by closer 
defoliation. Those buds which did remain were older and may have been 
more difficult to activate. As a result fewer buds were initiated and 
leaf area developed less rapidly. Nelson and Smith (1968a) reported that 
summer regrowth of trefoil came mainly from leaf and axillary branch sites 
at the upper nodes of the cut stems. 
Once formed, the leaf area in the 1^-inch treatment in the present 
study was shown to be relatively efficient in producing dry matter when 
compared i^rlth the leaf efficiency of the 3- and 4|-inch treatments. Thus, 
aside from the disease problem discussed earlier, there was evidence that a 
reduced rate of leaf area accumulation early in the regrowth Periods was the 
main factor responsible for the detrimental effect of the li-inch treatment. 
The advantages of salvaging additional leafage by close defoliation 
must be weighed against the long-term effects. Even though more net dry 
matter may be produced within a limited growth interval by a sward with 
a large residual leaf area, a trefoil management program must take into 
consideration the total season yield potential and the effect on subse­
quent years' production, as in any other truly long-term forage species. 
In Table 5^ total season yields are summarized to the end of each respec­
tive Period using net dry matter accumulation (yield at week seven minus 
yield at week zero) for the yields within each Period. The Period II 
experiment began tifo weeks prior to the termination of Period I; there­
fore, an additional five weeks of regrowth time is included in the totals 
at the end of Period II. The results showed an immediate yield advantage 
for harvesting the additional leaf area rather than leaving it in the 
field to aid in regrowth. 
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Table 54. Accumulated dry matter yields in tons per acre averaged over 
years for each Period from spring growth initiation to end of 
Period for Empire birdsfoot trefoil - Ames, Iowa - 1965» 1966 
Accumulation interval Cutting height 
for yields li" 3" Avg, 
Period I ; 
Groifth initiation to treatment cut 1.09 .84 ,64 ,86 
7 weeks regrdwth (net yield) 1.76 2.05 2.11 1.91 
Total 2.85 2,89 2.75 2.83 
Period H 
Growth initiation to first cut 




First cut to treatment cut 
(5-week interval) 
1.77 1.32 .97 1.35 
7-weeks regrowth (net yield) 
Total 3.20 3.00 2.67 2.96 
Net gain for 5 weeks additional growth 
(Period II minus Period I) 
+ .35 + .11 — ,08 + .13 
Detrimental carry-over effects of severe defoliation which reduced 
yields in subsequent years have been reported by Pierre and Jackobs (1953) 
and Smith and Nelson (I967). The latter authors attributed these effects 
to decreased root weights and reduction in stand. In the present study 
the small differences observed in root weight-were not in the same order 
as severity of defoliation. However, these swards were subjected to 
varying severity of defoliation only once during the season and repeated 
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severe defoliation may have an accumulative detrimental effect. Only the 
top six inches of roots were inoLuded, and defoliation effects could con­
ceivably modify root activity at deeper levels. Stands were not significantly 
affected by treatments except that the It-inch treatment stand was tempo­
rarily reduced during Period II, 
Carbohydrate reserve levels in the roots and crowns were reduced as 
stubble height decreased. Such differences may be ezpected to persist and 
carry over into the winter affecting growth in subsequent years. Root 
samples were dug from the plots in November of both years and composite 
samples within each treatment and year were analyzed for TAC, These 
results (Table 55) show root TAG levels contrary to what might be expected 
on the basis of the data in Figure 29, An explanation for the increased 
TAC as treatment cutting height decreased is not readily apparent. It 
may be that the iT-inch treatment, containing a larger proportion of 
younger leaves, became increasingly efficient in photosynthate production 
compared with the other treatments during the fall months when top growth 
Table 55* Percent total available carbohydrates in late fall in roots 
and crowns of Period H Bnpire birdsfoot trefoil cut to three 
heights - Ames, Iowa - I965, I966 
Cutting height 
IT" 3" 
Date Crowns Roots Crowns Roots Crowns Roots 
Nov, 13, 1965 21,78 32.88 , 20.88 29.31 22,86 26.52 
Nov. 14, 1966 18.85 29.22 21,38 28.73 19.48 28,14 
Avg, 20.32 31.05 21,13 29.02 21,17 27.33 
l64 
was reduced. 
The maintenance of an optimum or near-optimum lAI in a pasture sward 
has been suggested for maintaining dry matter production at maximum rates 
(Brougham, 195^; Davidson and Philip, 1958). This is an attractive theory 
for trefoil management owing to its nature of growth and apparent lack of 
dependence on carbohydrate reserves for regrowth. Thus far, no one has 
been able to demonstrate \-jith any certainty that this approach has any 
merit. The results of this study demonstrated that allo;d.ng nearly one 
additional LAI unit to remain on the stubble in the 4§-inch treatment 
provided no significant advantage in increasing yield over the 3-inch 
stubble. Maintaining an optimum lAI may be advantageous if it'were always 
made up of the younger, more photosynthetically active leaves, "Also, the', 
optimum LA.I theory may be more tenable in swards continuously grazed — 
a situation wherein neif leaves are constantly produced and are interspersed 
among the older ones. Nevertheless, the data of the present study indicate 
that the older herbage would have to be continuously harvested to main­
tain high canopy efficiency; and since no practical method has been devel­
oped for doing this, the constant optimum LAI approach can be rejected for 
efficient management of trefoil, 
• VJhen data from the present study were averaged over years (Figures 8, 
13, 21 and 26), optimum LAI*s were between two and three for Period I and 
between one and two during Period II. Maximum CGR values for the Ij-inch 
treatment occurred at the high ends of the LAI ranges. Period I CGR values 
when averaged over years showed that the 4^-inch treatment attained a 
maximum value during the third week at a mean LAI (LAI) of 2,72, The 3-
and 1%-inch treatments attained maximum CCS's at LAI 3 •78 in week five and 
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3«50 in week six, respectively. In Period II corresponding comparative 
data indicated maximum. CGR's for the 3-, and l^-inch treatments at 
LAI 1.46 in week four, 1.86 in week five, and 1.12 in week five, respec­
tively. The optimum LAI of 1.86 for the 3-inoh treatment in Period II 
compares favorably with the value indicated in the data of Nelson and 
Smith (1968b) during a similar period of regrowth in early August wherein 
a two-inch stubble remained after cutting. When examined \fithin years, 
it appears that optimum LAI may be determined more by environmental factors 
than by leaf area accumulated by the canopy. 
Crop growth rates, reported in this study as means for weel<ly growth 
intervals (CGR), were calculated using only the herbage weights. From 
the standpoint of physiological interest and in "fairness to the plant", 
it can be argued that root weights should be included. However, one must 
consider the problems involved in sampling whole root systems and the errors 
introduced when varying portions of a root system are included due to 
plant size, age, species, soil conditions,etc. Since we are primarily 
interested in economic yield of a crop (top growth in forages), it would 
seem more feasible to consider only economic yield in growth rate cal­
culations. More valid comparisons could then be made concerning the rela­
tive efficiency of crop canopies for exploiting the environment and pro­
ducing economic yield. 
Crop growth rates in this study were relatively low tfith the exception 
of Period I in I965 when the CGR averaged 0.052 ton per acre per day 
(11.68 g./m.^/day) over all treatments. In I966, Period I CGR averaged 
0.035 ton per acre per day (6,96 g./m.^/day) over all treatments. Period II 
growth rates averaged O.OI6 and 0.013 ton per acre per day (3.6o and 2.92 
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g,/m,day) over all treatments in I965 and I966, respectively. During 
Period I regrowth, the 3- and 4&-inch treatments averaged 0,05^ ton per 
acre per day (12,13 g,/ra,^/day). 
The data of the current study and that reported by Nelson and Smith 
(1968b) show trefoil to be relativoLy inefficient in dry matter production. 
Nelson and Smith compared crop growth rates of trefoil and alfalfa and 
reported rates for alfalfa to be 200 to 300 percent higher than those 
for trefoil during summer and autumn regrowth. Loorais and Williams (19^3) 
reported an average mean crop growth rate of 13 grams per meter® per day 
for alfalfa over a 250-day season. They observed a ïiia2±iiU3i grovith rate 
of 23 grams per meter^ per day in the alfalfa sward,. In the present 
study the maximum observed CGR was 0.097 ton per acre per day (21.79 
g./m.^/day) and occurred in the li-inch treatment during the sixth week 
of Period I in I965. Solar flux densities during that week were near 
maximum for the Period but not abnormally high averaging 559 langleys 
per day, Lan^ey values equal to or exceeding that were recorded for 
several other weeks in both Periods of both years. 
The 21.79 grams per meter^ per day maximum grovrth rate recorded in 
the present study indicates that trefoil has the physiological capability 
for attaining growth rates which compare favorably with those of alfalfa. 
In an earlier study comparing trefoil and alfalfa (Greub, I966), trefoil 
yields at the second and third cutting dates (July 8 and August 28, I964, 
respectively) exceeded those of alfalfa but were less than those of alfalfa 
at first cutting and during autumn regrowth. Total season yield was lower 
for trefoil compared with alfalfa. Therefore, even though .trefoil may 
have yield potential comparing favorably with alfalfa under some conditions, 
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inferior seasonal yields are obtained because of the low growth rates which 
prevail during much of the season. The reasons for this have not been com­
pletely elucidated, but it, is probably due to on© or more of the following; 
a compact canopy structure restricting light penetration, COg diffusion, 
and leaf area development; a shallower root system rendering the plants 
more subject to moisture stress; physiological processes such as photo­
synthesis or dark reactions which achieve maximum efficiency only under 
a narrow range of environmental conditions. The characteristically loif 
growth rates of trefoil during early spring and autumn may result mainly 
from physiological effects while summer growth rates may be influenced by 
morphological characteristics as well. 
LAI values in the present study were relatively low in I966 and undoubt­
edly were a major factor restricting yield in that year. The data (Figures 
12 and 25) indicate that when the CGR of one sward was affected, the other 
two were generally affected in a similar manner. This stron^y implicates 
environmental effects of some type. 
Carbohydrate accumulation as reserves in storage organs of perennial 
forage plants has been stated to be the result of a metabolic energy bal­
ance between photosynthesis and grovrfch (Brown and Blaser, 19^5). When 
photosynthate exceeds growth demands, carbohydrates are stored and when 
photosynthesis is reduced by defoliation or other causes and metabolic 
demands are high, carbohydrate reserves are utilized. Alfalfa is the 
classic example of this phenomenon. The results of Brown et al. (I966) 
in their experiment using maleic hydrazide to inhibit growth lends some 
support to this theory, but it is not entirely convincing since the chem­
ical may stimulate carbohydrate accumulation as starch or sucrose 
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(Currier ^  al., 1951) and. reduce respiration (Baker, I96I). Therefore, 
the effects on growth could be indirect. 
If carbohydrate storage and use were strictly in dynamic balance • 
with photosynthesis in alfalfa, plants at high levels of reserves should 
reverse the movement sooner than those at low levels. The data of Feltner 
and Massengale (19^5) two alfalfa varieties indicate that no such pat­
tern exists with any consistency. Instead, the change from root carbohy­
drate utilization to storage appears to be more a function of time. Plants 
with higher carbohydrate levels and greater root weights might also be 
expected to have lower rates of carbohydrate decline. The data of Feltner 
and Massengale (I965) as reported again reveal no consistent behavior in 
this respect but rather indicates very similar rates of decline and increase 
during most cycles. Similarly inconsistent, response patterns are evident 
in the data of the present study (Figures 15 through 18, 28 through 31), 
but more data points are necessary to completely characterize behavior 
patterns as carbohydrate translocation increases or decreases the storage 
levels. 
While trefoil carbohydrate reserves are decreased by cutting treatments 
as shown in the present study, their role is still unclear. The data indi­
cated a leaf area-carbohydrate interaction insofar as the effect on the 
carbohydrate levels was concerned. Subsequent to defoliation, the levels 
were maintained in descending order in direct relationship with the increas­
ing severity of defoliation. The disturbing factor is that leaf area 
formation and regrowth rates were not decreased in the same order and 
degree as the carbohydrate levels. This implies that defoliation affected 
carbohydrate levels but that the carbohydrate levels had no effect on 
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subsequent regrowth; yet the growth potential of the li-inch treatment 
was adversely affected in some way, and it also maintained the lowest 
TAC levels. The differences among the treatments were small, one to two 
percentage units or less; and the decreases subsequent to cutting were 
only two to three percentage units at most. It is not known whether, 
such small differences in TAC levels can significantly control metabolic. 
processes in the trefoil plant or whether the reductions are merely a 
passive response to respiration demands during bud initiation with subse­
quent regrowth independent of reserve levels. There may be need for 
maintaining a threshold level of carbohydrates for metabolic processes to 
proceed. Farther studies of a more intensive nature including the use 
of C^^02 are needed to clarify the role of the carbohydrate reserves. 
Trefoil also utilizes some protein during regrowth. Micro-Kjeldahl 
determinations have shown that during regrowth following defoliation 
the crude protein in trefoil roots was reduced from 13.6 to 11,4 percent 
of dry weight. During the same period the TAC percentage was reduced from 
5,l4 to 2,4?, Alfalfa roots which underwent similar treatment showed a 
decline from l4,0 to 11.5 percent in crude protein and from 24,62 to 
4,17 percent in TAC, Thus, the protein requirements appear similar for 
the two species, but there is a large disparity in the carbohydrate require­
ments, The protein values obtained were based on total N as determined 
by a micro-Kjeldahl procedure which recovered variable amounts of nonprotein-
N and included a minor amount of nitrate-N and ammonia-N accounting for 
less than one percentage unit of crude protein. 
In the examination of the carbohydrate data (Figures 15 through 18, 
28 through 31) and the CGR data (Figures 12, 13, 25, and 26), specific 
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instances ara noted where there is evidence of an inverse relationship 
•between CGR and TAG levels as has been postulated by Brown and Blaser 
(1965). One such example included weeks four, five, and six in Period H, 
1965. When CGR values were up, TAC levels were dovm and vice versa. The 
data are not consistent in this respect, however, and other factors must 
be modifying the relationship as little or no association was indicated 
by correlating CGR \iith the change in percent T A C  in the roots (Table $ 6 ) ,  
Once reduced, the carbohydrate levels generally remained low for 
three to four weeks, especially in Period I. Sudden dramatic reversals 
of carbohydrate movement back into the roots did not occur in trefoil as 
is the case in alfalfa. 
Trefoil does have the capability to mobilize photosynthate into reserves 
during autumn as evidenced by the high levels reported in other investiga-
Table 56. Correlation coefficients for mean crop groifbh rate (CGR) and 
average daily increase or decrease in percent total available 
carbohydrates for each week in the roots of Ehpire birdsfoot 
trefoil cut to three heights - Ames, Iowa - I965, I96& 
Cutting height 
Year' It" 3" 4|" 
Period I 
1965 .61 .42 .34 
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tions (Smith, 1962a; Greub, I966; Nelson and Smith, 1968b) and by data 
of Table 55 for roots and crowns of the present study. The data (Table 55) 
also indicate that crowns have relatively high carbohydrate storage potential 
which is not utilized during the summer. 
The higher reserve levels maintained by the roots compared with the 
crowns suggests that root cells take preference over crown and stem-base 
cells in assimilating photosynthate into storage forms. If carbohydrate 
assimilation were dependent only upon .concentration gradients in a simple 
supply and demand equilibrium and assuming that additional energy would 
be required to move excess photosynthate to the roots, the crowns, being 
closer to the source of the photosynthate, should have accumulated carbo­
hydrates more rapidly and in larger amounts than the roots. There is 
some evidence that this did occur to a very limited extent in the 
inch treatment during the first week, presumably from residual leaf area 
photosynthate, VJhether this accumulation was converted into starch or 
was maintained as soluble sugars was not determined, but it was undoubtedly 
only a transient phenomenon. 
Brown and Blaser (19^5) have postulated that perennial forages in 
autumn are subjected to an environmental effect such as reduced tempera­
ture which acts to retard top grovith while photosynthesis continues. 
This reduced growth with continuing photosynthesis forces carbohydrates 
to accumulate in the roots (Brown and Blaser, 19^5)# Considering the 
lack of accumulation of carbohydrates during the summer in an uncut sward 
of trefoil even when growth is near zero (Smith, 1962a; Greub, I966; 
Nelson and Smith, 1968b) and that the NAR of trefoil may be greater than; 
alfalfa as the sward becomes more mature (Nelson and Smith, 1968b), it 
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seems unreasonable to preclude an environmentally stimulated mechanism 
wherein primary control is exerted over carbohydrate reserve storage in 
the roots. In this context reduction of top growth would then be only 
a secondary effect. There likely is a concortcd effect in both roots and 
apices which influences the activation or synthesis of the enzymes necessary 
for starch synthesis in the roots and inhibition of growth in the apices. 
Such stimulation or regulation could result from action of a specific hor­
mone produced in response to a temperature or photoperiod stimulus, or 
by a shift in the balance of hormones due to such a stimulus. 
The results of this study have indicated the inefficiency of residual 
LAI for enhancing regrowth of the sward but have also clearly shown the 
detrimental effects of severe defoliation. Coupled with the findings of 
Pierre and Jackobs (1953)j Duell and Gausman (1957)» Beardsley and Anderson 
(i960), and Smith and Nelson (I967) which indicated close defoliation 
could reduce yields, stands, and vigor during subsequent years, sufficient 
evidence is at hand to emphasize the dilemma encountered in proposing an 
efficient management scheme for Ertipire birdsfoot trefoil. Notwithstanding 
the difficulty in arriving at a rational scheme based on research, the 
management plan itself must encompass both the necessity for efficient 
utilization of the growth potential as well as persistency of stand. The 
full potential for producing forage cannot be realized as long as conflicting 
characteristics are present. Furthermore, either spatial characteristics 
of the canopy morphology, inherent physiological limitations in photosyn­
thesis and metabolism, or both, have prevented the present Empire trefoil 
genotypes from utilizing environmental factors conducive to plant growth 
as effectively as alfalfa under most condtions. 
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In view of its several favorable characteristics as a forage species, 
it would seem desirable to maintain birdsfoot trefoil in our forage culture. 
In order to do so on a sound economical basis, it is imperative that the 
yield of the species be improved. The limiting factors, be they physiolog­
ical or morphological, need to be identified and genotypes superior in 
desirable characteristics isolated, A breeding program could then be 
aimed at incorporating those characteristics which contribute to increased 
growth efficiency and are compatible with a practical management scheme. 
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Empire birdsfoot trefoil swards were cut to if, 3, and inches to 
retain three residual LAI's* The effect of these treatments on leaf area 
development, dry matter yield, and TA.C of roots and crowns was studied over 
two, seven-week regrowth Periods during 19^5 and I966, In both years 
Period I extended from early June to late July, and Period II extended 
from mid-July to the end of August. At the time Period I began, plots to 
be used for Period II were out to three inches. Carbohydrate reserves 
expressed as TAC were extracted and hydrolyzed via a one-step enzyme pro­
cedure simultaneously utilizing Clarase $00 (takadiastase) and Diazyme I60 
(amyloglucosidase) enzymes in order to include starch and sucrose without 
additional acid hydrolysis. 
In Period I, residual LA.I averaged 0.0?, 0.49, and 1.42 following 
cutting (week zero) in the if-, 3-, and 4|-inch treatments, respectively. 
After one week the LAI declined to 0.05, 0.37, and 1.10 for the same respec­
tive treatments because of leaf loss resulting from mower injury and senes­
cence. Initial differences in LAI were usually maintained until the last 
two weeks of Period I during which time the LAI levels in the three treat­
ments approached similar values, LAI's averaged 2.00, 2.55, and 3.09 for 
the li--, 3-, and 4|-inch treatments of Period I, respectively. Higher 
LAI's were attained in all treatments in 19^5 than in I966, presumably 
because of more favorable environmental conditions. LAI curves were gen­
erally sigmoidal, but there were significant treatment by year and treat­
ment by date interactions. Rates of leaf area increase were greater for 
the 3- and 4f-inch treatments than for the if-inch treatment during 
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the early part of the Period, The ^ -inch treatment showed some advantage 
over the 3-inch treatment during the third week. 
Dry matter yields during Period I were closely associated with leaf 
area development. Dry matter accumulation curves were signioidal. Signif­
icantly greater net yields of 2,05 ^ nd 2,11 tons per acre were obtained from 
the 3- and 4|--inch treatments, respectively, compared with 1,76 tons per 
acre from the li-inch treatment. Thus, the significantly larger LAI main­
tained during most of the Period resulted in no significant increase in yield 
for the 4^-inoh treatment compared with the 3-inch treatment. However, 
severe defoliation to 1^ inches reduced leaf area development and production 
of dry matter. 
CGR values underwent weekly variation with ail treatments often respond­
ing similarly regardless of growth stage. Rates for Period I averaged over 
the two years were 0.037, 0.042, and 0.044 ton per acre per day (8.31, 9*44, 
and 9.89 g./m.^/day) in the li-, 3-, and 4^-inch treatments, respectively. 
The 1965 rate averaged over treatments was 0.052 ton per acre per day (11.68 
g./m.^/day) compared with 0,031 ton per acre per day (6,96 g./m.^/day) over 
all treatments in I966, repectively. Maximum rates for all treatments were 
attained late in the Period in I965 and early in the Period in I966. 
Initiation of flowering caused reductions in CGR in all treatments. 
Correlation coefficients between CCS's and solar flux density values were 
relatively high, but correlations with temperature and precipitation values 
were inconsistant and unmeaningful. 
TA.C levels declined in relation to severity of defoliation and were 
maintained at relatively low levels in I965. In I966, a more cyclic response 
occurred but differences in levels existed only during the first half of 
176 
the Period, The drier, warmer conditions during the latter half of Period I 
in 1966 probably caused the increased accumulations. When combined over 
years, the percent TAC averaged 3,68, 4.18, and 4,57 for the li-, 3-j and 
, inch treatments, respectively. 
Leaf area, yield, and growth rates during Period II were below the 
values attained during Period I, Residual LAI's at the beginning of the 
Period were 0,00, 0.20, and 0,63 at week aero, and 0,00, 0.04, and 0,37 
at the end of the first week in the l4-, 3-> and 4|-inch treatments, respec­
tively, Leaf area increased after the first week with similar rates of 
increase for the 3- and 4|-inch treatments, LAI increased at a comparatively 
slower rate during most of the Period in the l|--inch treatment. 
Dry matter yields for Period H also followed leaf area responses as ', 
in Period I, Dry matter accumulation curves were sigmoidal in I965 but 
essentially linear in I966, To a large extent total dry matter yields 
reflected the initial differences in residual yields. The net dry matter 
yields of 0,78 and 0,83 ton per acre for the 3- and 4&-inch treatments were 
significantly greater than the 0,53 ton per acre for the if-inch treatment. 
As in Period I, the additional residual leaf area of the ^ -inch stubble 
provided no significant advantage over the 3-inch treatment in Period II, 
Dry matter accumulated at nearly identical rates in the 3- and 4§-inch 
treatments after the second week in both Periods, 
CGR values were exceedingly low during Period H, averaging 0,011, 
0.016, and 0,017 ton per acre per day (2,4?, 3.60, and 3.82 g./m.^/day) 
in the l|--, 3-j and 4^-inch treatments, respectively, performance of the 
if-inch treatment was further impaired by disease incidence during both 
years. 
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The disease problem was attributed to Rhizoctonia and Fusarium organisms 
found in the vascular tissue of the dying plants. Relatively few plants 
ware lost in the 3-inch treatment and dead plants were rarely found in the 
^-inch treatment. Increased susceptibility of plants in the l?-inch treat­
ment may have been due to the shorter stubble making injured tissue more 
accessible to entry of the causative organisms, reduced shading which in­
creased soil and plant tissue temperatures and provided more optimal con­
ditions for establishment, reduced carbohydrate levels in the crowns and 
roots which may have decreased resistance, or a combination of these factors. 
Diseases were not a problem in Period I during which temperatures averaged 
slightly lower and carbohydrate levels wore higher, particularly through- . 
out the first few weeks. • 
TAC levels were low at the beginning of Period II and were less af­
fected by the cutting treatments in Period I. The decrease in TA.C level 
was greatest, approximately l-f percentage units, in the l§-inch treatment, 
and there was only a very small cyclic response in the 4§^inch treatment. 
Throughout the Period, however, carbohydrate reserves were maintained in 
direct relation to the severity of defoliation. The average values were 
3.82, 5.03, and 6,29 percent for the li-, 3-» and 4§-inch treatments, 
respectively. During the latter part of the Period, beginning about the 
fifth week, carbohydrate levels began to increase rapidly and attained 
high levels by November. 
The results of this study cast serious doubt on the effectiveness of 
residual leaf area for increasing growth rates and yield subsequent to 
defoliation in trefoil. Response of the carbohydrate levels during the 
first week indicated that the residual leaf area was producing some photo-
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synthate. The results regarding the effect on rates of LAI and dry matter 
accumulation during the first week are inconclusive because of leaf area 
losses, dry matter losses, and sample variability during that week. Since 
regrowth generally did not begin until after the first weak, the main in­
fluence of the cutting height appeared to be expressed during the second 
and third weeks. During one or both of these weeks the l-|-inch treatment 
was usually increasing LAI at a lesser rate than the 3- and 4§^inch treat­
ments. 
It is postulated that a larger number of available regrowth sites 
rather than a larger residual LAI was the main factor responsible for the 
superior performance of the 3- and ^ -inch treatments as compared with the 
la-inch treatment. Younger axillary buds may possibly require less energy 
for activation, and therefore regrowth can be initiated more easily in the 
taller stubble. 
As evidenced by correlation values, CGR's were not consistently asso­
ciated in any meaningful way with either the climatological factors con­
sidered or with changes in the carbohydrate reserve levels. Failure to 
establish such individual associations indicates a complex relationship 
and interaction between environment, growth, and movement of carbohydrates. 
Roots were shown to be quantitatively more important as carbohydrate 
storage organs than were the crowns. TAC levels in the crowns followed 
response patterns similar to those of the roots but always at levels 
approximately one-half those of the roots. Absolute levels of TAC showed 
responses similar to those of the percentage data. Root dry weights were 
not greatly affected either by treatments or dates in Period I but did 
increase over dates in Period II» 
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The treatments did not affect stands in Period I, The 1^-inch treat­
ment significantly, but only temporarily, reduced stands during Period II 
as new plants apparently became established from hard seed or natural 
reseeding. 
The results of this study emphasize the dilemma encountered in for­
mulating a management program for effectively and effioieniiLy utilizing 
the full growth potential of Empire birdsfoot trefoil without sacrificing 
longevity and maximum productivity during subsequent years. In general, 
growth rates and yield potential of the present genotypes are low. It is 
imperative that the limiting factors be identified and improved characteris­
tics incorporated through a breeding program which, hopefully, will lead 
to a variety providing improved growth efficiency, higher yields, and 
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Special Experiment I; Extraction and Hydrolysis of Total Available 
Carbohydrates Comparing Two Enzymes 
This ëu?periment was carried out to compare the suitability of Clarase 
900 (takadiastase) and Diazyme I60 (amyloglucosidase) enzymes used individ­
ually and in combination for hydrolyzing starch and sucrose to monoraeric 
reducing sugars. These enzymes are described on pages 25 and 26, herein. 
An acid hydrolysis treatment was applied to determine the completeness of 
sucrose conversion by the enzyme treatment. 
Materials and methods 
Three alfalfa root samples obtained from field studies in 19^4 and 
of varying carbohydrate composition and TAC content (high sugar, high 
starch and low TAC), reagent grade sucrose, and reagent grade soluble 
starch were used as substrates. 
The roots had been trimmed to six inches, washed, dried for one hour 
at 100®C,, then to constant weight at 70°C,, and ground through a one mm, 
screen. The samples from two to four field replications were composited 
before being stored in ^ ass bottles. Prior to the esqieriment, the stored 
samples were dried at 70®C, Sucrose and starch to be used as substrates 
were also dried at 70°C, and stored in a dessicator. 
Separate determinations were made of 80 percent ethanol-soluble, 
water-soluble, and enzyme-hydrolyzable starch fractions on one of the 
replication samples making up the April 7 composite sample. The analysis 
indicated 15 to I6 percentage units of sucrose out of approximately 27 
percent TAC, On the basis of a similar analysis of the August 28 sample, 
approximately 25 percentage units out'of the 35 percent lAC were found 
to be starch. The June 22 sample contained approximately five percent 
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total carbohydrates, the majority of which was also starch. 
One-half gram samples of the root material and two-tenths gram samples 
of the sucrose and starch were weighed into 100 ml. polypropylene test tubes 
for the enzyme stage. Duplicates were run and the entire experiment was 
repeated three times (replications). Three enzyme treatments were applied 
to each substrate. The enzymes were buffered trjith sodîûm'acetate-acetic 
acid buffer solutions 0,1 M in sodium acetate. Adjustment to proper pH 
with glacial acetic acid was made using a pH meter. 
The three enzyme treatments were as follows; (1) 10 ml. of 0.5 per­
cent Clarase 900 solution (five grams enzyme powder per liter of solution), 
10 ml. distilled water, and 10 ml. of buffer solution, pH 5.^'-; (2) 10 ml. 
of 0.2 percent Diazyme l6o solution (two grams enzyme powder per liter of 
solution), 10 ml, distilled water, and 10 ml, of buffer solution, pH 4.2; 
(3) 10 ml. of 0.5 percent Clarase 900 solution, 10 ml,of 0.2 percent 
Diazyme l6o solution, and 10 ml. of buffer solution, pH 4.9. 
The 10 ml, of buffer solution were added to each tube and the starch 
gelatinized as described on pages 43 and 44, herein. The tubes were cooled 
and the enzyme solutions and distilled water added which brought the total 
volume to 30 ml. The tubes were loosely covered with foil-wrapped stoppers, 
svrirled to mix the contents, and placed in waterbaths for saccharifica-
tion. The Clarase 900 samples were incubated at 45®C. for 47 hours, the 
Diazyme l6o samples at 6o°C, for 95 hours, and the enzyme combination 
samples at 49°C, for 71 hours. Initiation of the different enzyme treat­
ments was staggered so that all samples finished the saccharification 
period at the same time and thus allowed reducing sugar determinations 
to be carried out the same day on all samples. 
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The buffer pH values and saccharification temperatures for individ­
ual enzymes were those suggested as optimum for the respective enzymes.^ 
The length of the saccharification period for the Clarase 900 was based 
on the W-hour period reported by VJelmann (19^?) for takadiastase. The 
95-hour saccharification period for Diazyme l6o was based on information 
reported by Denault and Underkofler (I963). The saccharification pH, 
temperature, and time interval for the enzyme combination were selected 
as compromises based on the optimum activity ranges for the individual 
enzymes. 
Three blanks were included for each enzyme treatment. These tubes con­
tained .no samples but otherwise received the same treatment as the 
respective enzyme samples. All tubes were agitated by hand swirling 
approximately every four hours between 8:00 A.M. and 12:00 midnight 
during the saccharification period to mix the contents. 
FoUotcing saccharification, the samples were processed as previously 
outlined on pages W- and herein, except that sodium hydroxide was 
added until the red color end point followed by addition of five per­
cent KCl until the colorless end point was reached. Two additional drops 
of the HCl were then added. The samples were brought to volume, a 10 
ml. aliquot used for reducing sugar determination, and a 100 ml. aliquot 
hydrolyzed as a 0.1 N solution to determine the effect of a mild acid hydro­
lysis. Preliminary work had indicated that 98 to 100 percent of a sucrose 
sample could be recovered in the form of reducing sugars after hydrolysis 
with 0.1 N H2SO21,. For the hydrolysis, 11 ml. of a 1.0 N H2SO/;. solution were 
^Technical Bulletin No. 9-2^5» and Data Sheet No. 10-224, Miles 
Chemical Company, Elkhart, Indiana. 
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added to the 100 ml. aliquots and the samples heated in 250 ml. Erlenmeyer 
flasks in a boiling water bath for 30 minutes using small pore-diameter 
^ass rods about 18 inches long as condensers. After removal from the 
boiling treatment, the flasks were cooled in cold water, two drops of 
phenolphthalein added, and the samples neutralized with 25 percent sodium 
hydroxide. They were then brought to volume at 200 ml. and 10 ml. ali­
quots were used for determining reducing sugars. 
Reducing sugar determination was carried out using the copper-
iodometric technique of Shaffer and Somogyi as described on pages 45 and 
46, herein. Reducing sugar values were calculated using a ^ucose standard 
curve regression equation. Regression equations for glucose and fructose 
standard curves were essentially identical. Reducing sugar values for 
the sucrose and starch samples were obtained in terras of glucose and 
converted to sucrose and starch equivalent values by multiplying by 0.95 
and 0.90, respectively (Loomis and ShuU, 1937). 
Results and discussion 
To facilitate statistical analysis, the results for the root sample 
substrates were considered separately from those for the sucrose and 
starch substrates. The results for the root samples are expressed in 
terms of glucose as percent of root dry weight, ^and the results for the 
sucrose and starch samples are expressed as mg. recovered and as percent 
recovery of the original 200 mg. of substrate. Analyses of variance were 
carried out on the mg. recovered for the sucrose and starch samples and 
on the percent TAG for the root samples. Values are presented for both the 
hydrolyze^and unhydrolyzed treatments. 
In the absence of hydrolysis, the sucrose and starch recovery data 
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(Tables 57 and 58) show Clarase 900 was significantly superior to either 
Diazyme l6o or the Clarase-Diazyme combination for hydrolyzing sucrose, 
Clarase 900 hydrolyzed 98.6 percent, the enzyme combination hydrolyzed 
93.2 percent, while Diazyme I60 converted only 70.9 percent to reducing 
sugars. 
With regard to starch conversion, however, the enzyme combination 
hydrolyzed 89.5 percent compared with 87.6 and 84.3 percent for the Diazyme 
160 and Clarase 9OO, respectively. This interaction of substrate and 
enzyi&e was highly significant, Ifhen averaged over the sucrose and starch 
substrates, there was no significant difference between the Clarase 900 
and the combination treatment, Diazyme 160 averaged significantly lower 
due to the low conversion of sucrose. 
%rdrolysis by a 0,1 N H2SOZJ, solution increased the sucrose recovery 
to 99,0, 98.7, and 99.0 percent for the Clarase 900, Diazyme I60, and 
combination treatments, respectively. Starch recovery values remained 
essentially unchanged by the hydrolysis treatment, 
Clarase 9OO and the enzyme combination gave essentially similar 
values within each root sample when unhydrolyzed (Tables 59 s.'n.d 60), 
These values were significantly greater than those obtained with Diazyme 
160 alone, IVhen averaged over all root samples, TAC values were 21,29, 
21.25, and 18.51 percent for the Clarase 9OO, enzyme combination, and 
DiazyiTie I60 treatments, respectively, 
Eydrolyzing the samples as a a 0,1 N solution significantly 
increased the values of all root substrates and of all enzyme treatments 
with hydrolyzed samples averaging 21,99 percent and unhydrolyzed samples 
averaging 20,83 percent (Table 59)» The hydrolysis of additional sucrose 
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Table 57» Milligrams and percent sucrose and starch substrate recovery 
with and without acid hydrolysis following saccharification 
with Clarase 900, Diazyme l6o. and a combination of the two 




Sucrose Starch Avg. 
mg. % mg. mg. 
Without hydrolysis 
Clarase 900 197.2a 98.6 168,6b 84.3 182.9a 91.4 
Diazyrac 160 lAl.8c 70.9 175.1a 87.6 158.4b 79.2 
Combination 186.3b 93.2 179.0a 89.5 182.6a 91.3 
Avg. 174.9 87.5 174.1 87.0 174.5 87.2 
With hydrolysis 
Clarase 9OO 198.1a 99.0 167.5b 83.8 182.8b 91.4 
Diazyme I60 197.4a 98.7 175.7a 87.8 186.6ab 93.3 
Combination 197.9a 99.0 179.1a 89.6 188,6a 94,3 
Avg, 197.6 98.8 173.9 87.0 185.8 92,9 
Average 
Clarase $00 197.6a 98.8 168.Ob 84.0 182.8a 91.4 
Diazyme 160 169.6c 84.8 175.4a 87.7 172.5b 86.2 
Combination 192.1b 96.1 179.0a 89.6 185.6a 92.8 
R^educing sugar values were multiplied by 0.95 and O.9O to obtain 
sucrose and starch equivalent values, respectively, 
e^ans followed by the same letter are not significantly different 
at the .05 level of probability. 
*^ Each substrate sample was 200 mg. 
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Table 58. Analysis of variance of milligrams sucrose and starch substrate 
recovered id-th and without acid i^drolysis following saccharifi-
cation with Clarase 900, Diazyrae l6o, and a combination of the 
two enzymes - Ames, Iowa - 19^7 
Source of variation d.f. m.s. '• 
Replications (R) 2 33.41 
Substrates (S) 1 2718.30** 
Enzymes (E) 2 1140.46** 
S x E 2 1880.58** 
Error (a) 10 22.60 
Methods (M)^ 1 2302.94** 
M x S 1 2339.28** 
M x E 2 1319.58** 
M x S x E 2 1198.35** 
Error (b) 19 21.70 
Sampling error 36 8.07 
Total 71 
sj(E) 1.0 
s- (M) .8 
^With and without acid hydrolysis folloiving enz.yme saccharification. 
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Table 59* Percent TAC in three alfalfa root sample substrates with and 
^without acid hydrolysis following saccharification by Clarase 
900, Diazyme 160, and a combination of the two enzymes - Ames, 
Iowa - 1967^ 
Root sample 
Enzyme High High Lotf 
treatment sugar starch T.1C Avg. 
"Without hydrolysis 
Clarase 9OO 25.88a 33.73a 4.26a 21.29a 
Diazyme I60 21.30b 31.83b 2.4lb 18.51b 
Combination 25.80a 33.95a 4.01a 21.25a 
Avg. 24.30 33.14 3.56 20.33 
With hydrolysis 
Clarase 900 26.88a 34.48b 4.79a 22.05b 
Diazyme l6o 25.51b 33.31c 3.86b 20.89c 
Combination 27.45a 35.78a 4.97a 22.73a 
Avg. 26.59 34.49 4.54 21.87 
Average 
Clarase 900 26.38a 34.10b 4.52a 21.67b 
Diazyme I60 23.40b 32.57c 3.14b 19.70c 
Combination 26.62a 34.86a 4.49a 21.99a 
%eans folloired by the same letter are not significantly different at 
the .05 level of probability. 
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Table 6o, Analysis of variance of percent TAC in three alfalfa root sample 
substrates tri-th and without acid hydrolysis following saccharifi-
cation by Clarase 900, Diazyme l60, and a combination of the two 
enzymes - Ames, Iowa - I967 
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^With and without acid hydrolysis following enzyme saccharification. 
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is suggested as contributing to tko increase based on the results with the 
sucrose substrate. Other water-soluble oligo- and polysaccharides present 
in the filtrate may have been hydrolyzed by the acid treatment, thereby 
contributing to the reducing sugar values. When averaged over all root 
substrate samples, TAC percentages were significantly different among the 
enzyme combination, Clarase 900, and Diazjwe l6o treatments with values of 
22,73, 22.05» and 20,89, respectively, Hydrolyzing increased the high 
sugar and low TAC sample values relatively more than the high starch samples. 
The combination treatment filtrate apparently contained more substances 
subject to hydrolysis than did the Clarase 900 filtrate. Hydrolyzing 
increased the combination values an average of 1,43 percentage units com­
pared with a 0,76 percentage unit increase when Clarase 9OO samples were 
hydrolyzed. Hydrolysis of the Diazyme 160 filtrates increased the TAC 
content of the high sugar substrate considerably more than for the other 
two samples. This would be expected considering the results of the sucrose 
and starch recovery experiment. 
Summary 
The results of this study indicate that Diazyme 160 is not a suitable 
enzyme for saccharification of samples containing significant amounts of 
sucrose unless an acid hydrolysis treatment is used. In the absence of 
hydrolysis, Clarase 900 and the enzyme combination gave similar results 
in root samples containing both sucrose and starch. This came about because 
the reduced sucrose conversion was approximately offset by increased starch 
conversion in the enzyme combination treatments as evidenced by the sucrose 
substrate sample values, VJhy sucrose hydrolysis was reduced by the presence 
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of Diazyme is not clear. Either the pH and tetaperatxire conditions were 
not favorable enough to allow complete hydrolysis or Diazyme l6o in some 
way exerted an inhibitory effect on Clarase 900. When Clarase 900 was 
used alone essentially all the sucrose was converted, 
Diazyme used alone gave consistently lower values for all root 
samples hydrolyzed or unhydrolyzed. Hydrolysis enhanced sucrose recovery 
in the Diazyme l6o and combination treatments effecting nearly complete 
recovery as was accomplished with Clarase 900 with or without hydrolysis. 
When an acid hydrolysis treatment was added to the procedure for root 
samples, the enzyme combination gave consistently, although not signif­
icantly, higher results than the Clarase 900 treatments. 
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Special Experiment II; Effect of Fineness of Grind of Samples 
_on Total Available Carbohydrates 
Fineness of the sample affects both the rate and the end point of 
carbohydrate extraction according to Loorais and Shull (1937). They recom­
mended grinding samples to pass through, a 200-mesh screen for carbohydrate 
extraction. This is considerably fitter than would be practical for rou­
tine processing of large numbers of samples. Therefore, an experiment was 
carried out to determine the effect of fineness of grind using a range of 
screen sizes which would be practical for most samples on a routine basis. 
Materials and methods 
Four Vernal alfalfa and four Empire birdsfoot trefoil samples ob­
tained on several dates in 1964 were selected for this experiment. The 
April 7 samples of each species were moderately high in TiVC. The July 22 
samples were taken during the lowest part of the decline and recovery TAC 
cycles following defoliation. The August 28 alfalfa and September l6 tre­
foil samples were relatively high in TAC. The October 31 samples were 
highest in TAC content in both species. From the results of carbohydrate 
fractionation analysis carried out on similar alfalfa samples harvested 
April 7 and August 28, 196^, it. was known that the major carbohydrate 
components on those dates were sucrose and starch, respectively. On the 
basis of fractionation data reported by Nelson and Smith (1968b), it 
appears reasonable to assume that starch was the major component of the 
July 22 sample. Their data indicate that the sucrose fraction may exceed 
the starch fraction by late October, The work of Nelson and Smith (1968b) 
also showed that starch and sugars approximated the same relative pro­
portion of the total TAC in each species on any one date. Therefore, 
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__ifhen alfalfa samples were high in sucrose and low in starch or vice versa, 
trefoil samples contained these fractions in similar relative proportions. 
Each root sample had been processed as described on pages 40 and 41, 
herein. Following grinding through an l8-mesh screen (1.00 mm,), a por­
tion of each sample was reground through a 40-mesh screen (0,42 mm,), and 
a second portion was reground through an 80-mesh screen (0,18 mm,). In 
grinding through the 40- and 80-mesh screens, a portion of the sample 
always remained in the mill and would not pass through the screen regardless 
of hoîj long the mill was run. This amounted to approximately one-fourth _ 
and one-third of the sample for the 40- and 80-mesh screens, respectively. 
It was always added to and thoroughly mixed with the larger portion which 
had passed through the screen. 
Analysis for carbohydrates was carried out on one-half gram samples 
using the Clarase 900-Diazyme l6o enzyme combination for saccharification 
as outlined on pages 43 to 45, herein. Reducing sugars were determined as 
outlined on pages 45 and 46, herein. The experiment was repeated four 
timês (replications). 
Results and discussion 
The results indicated significant differences in TAC due to fineness 
of grind (Tables 6l through 64), The differences were always less than 
1,20 percentage units, however, and were not consistent for the two species. 
In the alfalfa samples the 40-mesh treatment gave the highest TAG 
values within each sample date except for July 22, The samples in the 40-
mesh treatment averaged 25,19 percent over all dates compared with 24,66 
and 24,65 percent for the 18- and 80-mesh treatments, respectively. 
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Table 6l« Percent total available carbohydrates in four Vernal alfalfa 
root samples ground through three different screen mesh sizes -
Ames, Iowa - I967& 
Grinding Sampling date 
mesh 4-7-64 7-22-648-28-64 10-31-64 Avg. 
18 27.04a 3.96a 32.19b 35.51a 24,66b 
40 27.38a 4.01a 33.39a 35.97a 25.19a 
80 26.58a 4.02a 32.40b 35.59a 24,65b 
^Means followed by the same letter are not significantly different 
at the ,05 level of probability. 
Table 62. Analysis of variance of percent total available carbohydrates 
in four Vernal alfalfa root samples ground through three dif­
ferent screen mesh sizes - Ames, Iowa - I967 
Source of variation d.f. m.s. 
Replication (R) 3 7.2136** 
Sample date (S) 3 2470,4349** 
Error (a) 9 .9036 
Grinding mesh (G) 2 1.5204** 
S X G 6 .3738 
Error (b) 24 .2709 
Total 47 
5- (G) .13 
**F value significant at the .01 level of probability. 
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Table 63, Percent total available carbohydrates in four Empire birdsfoot 
trefoil root samples ground through three different screen mesh 
sizes - Ames, Iowa - 1967^  
Grinding Sattroling date 
mesh 4-7-64 7-22-^4 9-16-64 10-31-64 Avg. 
18 23.37a 1.12a 13.11a 29.17c 16.70c 
40 23.44a 1.32a 13.12a 30.48b 17.09b 
80 23.62a 1.22a 13.26a 31.30a 17.35a 
%eans followed by the same letter are not significantly different at 
the ,05 level of probability. 
Table 64, Analysis of variance of percent total available carbohydrates 
in four Empire birdsfoot trefoil root samples ground through 
three different screen mesh sizes - Ames, Iowa - I967 
Source of varition d.f. m.s. 
Replication (R) 








Grinding mesh (G) 









5% (Gj .05 
**F value significant at the .01 level of probability. 
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Within dates, significant differences among grinding treatments were found 
only for the August 28 samples. The smallest differences occurred among 
the July 22 samples and the largest differences among the August 28 sam­
ples, The sample date by grinding mesh interaction was not significant# 
In the trefoil samples, percent TAG increased significantly with 
increasing fineness of grind when averaged over dates with the 18-, 40-, 
and 80-mesh treatments yielding 16.70, 17.09, and 17.35 percent, respectively. 
This affect was significant within sample dates only for the October 31 
samples when treatment values were 29.17» 30.48, and 31.30 percent for the 
18-, 40-, and 80-mesh, respectively. However, similar trends occurred 
among the April 7 and September l6 samples* In the July 22 samples the • 
order of the 40- and 80-mesh treatments was reversed. The highly signif-. 
icant sample date by mesh size interaction resulted from the inconsistency 
in the July 22 values and from the larger differences among the October 31 
values compared with the other sample dates. 
There is no clear explanation for the failure of the two species to 
respond similarly, perhaps it is due to the more fibrous nature of the 
trefoil root system compared with the relatively large, single taproot 
of alfalfa, Sclerenchyma cells may therefore constitute a larger pro­
portion of the total root mass in trefoil, and finer grinding may enhance 
extraction and hydrolysis of the carbohydrate material. Trefoil roots 
do not grind as easily as alfalfa roots and the ground samples show more 
physical evidence of fibrous material than do alfalfa samples. 
Summary 
Fineness of grind influenced the carbohydrate values obtained by 
enzyme saccharification according to our results. Alfalfa samples ground 
206 
to 4û-itt0sh usually analyzed higher in TAC than either the IS- or 80-mesh 
treatments. No significant differences were noted between the 18- and 80-
mesh treatments. 
In trefoil, the ÏA.C values increased as samples were ground to a finer 
particle size. The differences were small in both species, however, averaging 
only a few tenths of a percentage unit over all sample dates. 
For investigations wherein an e:<perimenter is primarily interested 
in relative values of carbohydrate levels, the finenes to which the samples 
are ground need not be of great concern provided all samples are ground 
similarly. Howevor, some species may show an interaction with sample date 
in this respect as did trefoil in this experiment. For such species or in 
e:coeriments where absolute values are involved and small differences are 
important, an experimenter may need to investigate the effect of fineness 
of grind before proceeding with the analysis. 
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Special Experiment III: Effect of periodic Agitation During 
Enzyme Saccharification 
During'enzyme saccharification the root material rapidly settled to 
the bottom of the test tubes as they incubated in the waterbath. The 
routine procedure as adopted included agitating (swirling) the tubes ap­
proximately every four hours between 8:00 A.M. and 12:00 midnight to remix 
the sample material with the enzyme solution. The results from an occasional 
duplicate, unagitated sample included during the routine analyses indicated 
no difference in the TAG values obtained compared with the samples which 
were agitated. This experiment was undertaken to determine the necessity 
for periodic agitation of the sangle tubes during the saccharification stage. 
Materials and methods 
One birdsfoot trefoil and three alfalfa root samples were selected. 
In addition to the high sucrose and high starch (A) alfalfa samples 
described in Special Experiment I, another high starch alfalfa sample (B) 
harvested August 28, 1964 was included. The birdsfoot trefoil root sample 
obtained May 27, 1964 was relatively low in carbohydrates. 
The Clarase 900-Diazyme l6o enzyme combination was used to accomplish 
saccharification. Duplicate one-half gram samples were weighed into 100 
ml. polypropylene tubes and except for the periodic agitation were treated 
according to the procedure and conditions outlined on pages 43 to 45, herein. 
Following the addition of the enzyme solutions, all the tubes were 
agitated (swirled) to thoroughly mix the contents. Thereafter during the 
saccharification period, one tube out of each duplicate pair was agitated 
by hand to remix thv côntents approximately every four hours between 8:00 
A.M. and 12:00 midnight. The other half of the tubes were left undisturbed. 
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Reducing sugar determinations were carried out on the filtrates using the 
copper-iodometric technique described on pages 45 and 46, herein. The 
e^qjeriment was repeated three times (replications). 
Results and discussion 
The results (Table 65) are expressed as TAG in terms of glucose 
as percent of root dry weight. Agitated and nonagitated samples averaged 
24,16 and 23.95 percent TAG over all samples, respectively. The analysis 
of variance (Table 66) indicated no significant difference due to periodic 
agitation. The treatment by sample interaction was likewise not signif­
icant indicating similar results for samples of varying carbohydrate com- . 
position and TAG content. There was a trend toward higher values from the 
agitated tubes in the high sugar samples of both species and in the low • 
TAG trefoil sample. 
Summary 
Under conditions of this experiment there was no significant advantage 
in periodically agitating the samples by hand swirling during the sacchari-
fication period. In experiments wherein the sucrose content of the sample 
is relatively high or the total carbohydrate content is low, agitation of 
samples may result in small increases in the TAG values over unagitated 
samples. The importance of such small differences would depend upon the 
objectives of the experiment and would necessitate consideration of the 
additional time requirement as well as any inconvenience encountered in 
following an agitation schedule. 
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Table 65. The effect of periodic agitation on percent TAC in three 
alfalfa and one birdsfoot trefoil root samples - Ames, 
Ima - 1967 
Periodic No 
Type of sample agitation agitation 
Alfalfa, high sugar 26,3^ 25.66 
Alfalfa, high starch (A) 34.71 34.79 
Alfalfa, high starch (B) 32.01 31.95 
Birdsfoot trefoil, low TAC 3.56 3.40 
Avg. 24.16 23.95 
Table 66. Analysis of variance for the effect of periodic agitation 
on percent TAG in three alfalfa and one birdsfoot trefoil 
root samples - Ames, Iowa - I967 
Source of variation d.f. m.s. 
Replication (R) 2 .081 
Samples (S) 3 1208.650** 
Treatments (T) 1 .256 
S X T 3 .161 
Error 14 .143 
Total 23 
(?) .11 




Table 67. Average leaf area:herbage dry weight ratios (in.^/g.) during 
Period î for Empire birdsfoot trefoil cut to three heights -
Ames, Iowa - I965, 1966 
Weeks after cutting 
Tmt. 0 1 2 . 3 4 5 6 7 Avg. 
Ms 
li" 5.54 4.11 14.52 19.68 24.57 19.84 18.96 15.06 15.29 
3" 12.47 6.41 13.05 16.74 21.01 15.61 14.61 12.61 14.07 
15.86 11.27 13.72 13.33 18.91 15.48 12.23 10.99 14.23 
Avg. 11.29 7.27 13.77 17.25 21.50 16.98 15.27 12.89 14.53 
1966 
li" 1.47 0.91 11.38 19.81 20.67 14.92 13.13 11.76 11.76 
3" 6.20 • 4.51 12.13 17.03 16.66 12.97 11.52 10,29 11.41 
11.44 9.71 12.93 16.9s 14.17 11.06 9.29 8.74 11.79 
Avg. 6.37 5.04 12.15 17.94 17.17 12.99 11.31 10.26 11.65 
1965-1966 
li" 3.50 2.51 12.95 19.75 22.62 17.38 16.05 13.41 13.52 
3" 9.33 5.46 12.59 16.89 18.84 14.29 13.06 11.45 12.74 
4" 13.65 10.49 13.33 16.15 16.54 13.27 10.76 9.87 13.01 
Avg. 8.83 6,16 12.96 17.60 19.33 14.98 13.29 11.58 13.09 
Table 68, Analyses of variance of leaf area;herbage dry weight ratios during Period I for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - 19^5» 1966 
Within years Over years 
Source of Mean squares Source of Mean 
variation d.f. 1965 1966 variation d.f. squares 
Replications (R) 3 6,8253* 2,0330 Years (Y) 1 396.0596** 
Treatments (T) 2 14,1298** 1.3905 Replications (R)/Y 6 4.4291* 
Linear (L) (1) 18,0200** .0182 Treatments (T) 2 10.1259** Quadratic (Q) (1) 10,1752* 2,4208 Y X T 2 5.3945* 
Error (a) 6 1,0050 1.2003 Error (a) 12 1.1027 
bates (D) 7 221.2509** 249.5428** Dates (D) 7 450.6719** Linear (L) (1) 302.5292** 258.5160** Y X D 7 20.1214** Quadratic (Q) (1) 633.6520»* 999.8604** T X D 14 78.7343** Cubic (C) (1) 186,6088** 2.3652 Y X T X D 14 1.8528 
T X D 14 41,8128** 38.7744** Error (b) 126 3.4164 • 
TL X DL (1) 395.0704** 360.5528** 
TL X DQ (1) 143.2892** 136.7820** 
TL * Dc (1) .0447 3.3888 
TQ X DL (1) 4.4400 .9400 
TQ X DQ (1) 9.1848 1.0740 
TQ X Dc (1) 1.0132 .1677 
R X D 21 5.8870 2.5216 Error (b) 42 3.6173 2.4300 
Tmt, Date Tmt, Date Tint. Date 
®x ,18 ,48 .19 .39 .13 .38 
•F value significant at the ,05 level of probability. 
**F value significant at the .01 level of probability. 
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Table 69. Average leaf area:herbage dry weight ratios (in,^/g,) during 
Period II for Empire birdsfoot trefoil cut to three heights -
Ames, Iowa - 19^ 5» 19^ 6 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
iSÉi 
li" .00 .04 2.80 8.88 14.95 18.72 17.78 19.48 10.33 
3" 1.93 .37 3.61 6.79 12.47 15.60 15.48 15.76 9.00 
4" 3.40 2.61 2.92 9.26 12,08 15,63 15.39 15.26 9.57 
Avg, 1.78 1.01 3.11 8.31 13.17 16.65 16.22 16.83 9.64" 
1966 . 
1&" .00 .00 .86 3.51 9.27 14.87 19.29 19.81 8.45 
3" 2.33 • .48 2.27 4.26 8.04 11.25 14.24 14.90 7.22 
6.50 3.00 3.72 4.38 7.45 8.72 10.67 13.32 7.22 
Avg. 2.94 1.16 2.28 4.05 8.26 11.61 14.73 16.01 7.63 
1965-1966 
If" .00 .02 .1.83 6.19 12.11 16.79 18.54 19.64 9.39 
3" 2.13 .43 2.94 5.53 10.26 13.42 14.86 15.33 8.11 
4.95 2.81 3.32 6.82 9.77 12.17 13.03 14.29 8.40 
Avg. 2.36 1.09 2.70 6.18 10.71 14.13 15.48 16.42 8.64 
Table 70, Analyses of variance of leaf areatherbage dry weight ratios during Period II for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - 19^5» 19^6 









Replications (R) 3 27.5152** 1.0309 Years (Y) 1 192.8608»* 
Treatments (T) 2 14.2627* 16.0967»* Replications (R)/Y 6 14.2730*» 
Linear (L) (1) 9.3024 24.2556** Treatments (T) 1 2 28.8905** Quadratic (Q) (1) 19,2028* 8,0524** Y x T 2 1.4687 
Error (a) 6 2.4593 .3236 Error (a) 12 1.3915 
Dates (D) 7 578.2402** 414.9834** Dates (D) 7 958.5117** Linear (L) (1) 3678.1572** 2620,1760** Y x D 7 34.7110** Quadratic (Q) (1) 26.2492» 146.9664** T x D 14 33.1620** Cubic (C) (1) 290.9332** 134.1212»* Y x T x D 14 5.9169 
T x D 14 9.1769 29.9020** Error (b) 126 4.6646 
tl x di, (]!) 98.6268** 380.3756** 
Tl x DQ 
a? 2.9720 .9792 Tl x Dc .1026 11.1188* Tq x Dl (1) 5.9556 .5764 
Tq x bq (1) .8644 5.2204 
Tq x dc (1) .0020 .0108 
R x D 21 10.2031 2.5477 
Error (b) 42 5.7586 1.8637 
i Trat, Date Tmt. Date Tmt. Date 
.28 .60 .10 .34 .15 .44 
*F value significant at the ,05 level of probability, 
•*F value significant at the .01 level of probability. 
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Table 71. Average stem dry weightzleaf dry weight ratios during Period I 
for Empire birdsfoot trefoil cut to three heights - Ames, Iowa -
1965, 1966 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
li" 9.26 8.58 1.38 .94 .81 ' 1.05 1.43 2.09 3.19 
3" 2.94 5.87 1.47 1.14 1.22 1.62 2.22 2.66 2.39 
4" 2.29 2.36 1.27 1,34 1.28 1,56 2,44 2+91 1.93 
Avg. 4.83 5.60 1.37 I.l4 1.10 1.41 2.03 2.56 2.51 
1966 
li" 33.78 27.33 2.40 1.07 .92 1.32 1.41 2.11 8.79 
3" 7.36 6.84 2.34 1.39 1.32 1.63 1.71 2.39 3.13 
4.15 2.79 2,41 1.35 1.69 2.30 2.55 3.16 2.55 
Avg. 15.10 12.32 2.39 1.27 1.31 1.75 1.89 2.55 4.82 
1965-1966 
li" 21.52 17.95 1.89 1.01 .87 1.18 1.42 2.10 5.99 
3" 5.15 6.36 1.90 1.27 1.27 1.63 1.97 2.53 2.76 
4" 3.22 2.58 1.84 1.35 1.48 1.93 2.50 3.03 2.24 
Avg, 9.96 8.96 1.88 1.21 1.21 1.58 1.96 2.55 3.66 
Table 72. Analyses of variance of stem dry weight:leaf dry weight ratios during Period I for Empire 
birdsfoot trefoil cut to three heights - Ames, Iowa - 1965s 19^6 
Within years Over years 
Source of 
variation d.f. 
Mean squares Source of Mean 
1965 1966 variation d.f. squares 
14.9321 15.0131 Years (Y) 1 257.9360** 
13.0262 380.9055** Replications (R)/Y 6 14.9726 
25.4520 623.5008 Treatments (T) 2 264.5349** 
.6120 138.5840 Y X T 2 129.3967** 
4.7316 17.1998 Error (a) 12 10.9657 
36.8832** 370.1714** Dates (D) 7 313.6799** 81,2652** 1436.5016** Y X D 7 93.3742** 112.8616** 903.3752** T X D 14 152.0106** 
.1446 44.6452» Y x T x D 14 56.6697** 









%it. Date Tmt. Date Tmt. Date 
Replications (R) 3 
Treatments (T) 2 
Linear (L) (1) Quadratic (Q) (1) 
Error (a) 6 
Dates (D) 7 Linear (l) (1) Quadratic (q) (1) 
Cubic (C) (1) 
T x D 14 
Tl X Dl (1) 
?! x Dq (1) 
Tl x dg (1) 
Tq x Dl (1) 
T q x D Q  (1) 
Tq x Dc (1) 
R x D 21 
Error (b) 42 
®x .38 .41 .73 .76 .41 .52 
*F value significant at the ,05 level of probability, 
value significant at the .01 level of probability. 
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Table 73. Average loaf arearleaf dry weight ratios (in. /g.) during 
Period I for Empire birdsfoot trefoil cut to three heights -
Ames, Iowa - 19^ 5» 19^ 6 
Weeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
1265 
li" 48.12 29.32 32,88 38.06 44.57 40.64 46.06 46.63 40.79 
3" 47.54 36.51 31.75 36.00 46.27 41.21 46.48 45.87 41.45 
50.58 37.11 30.88 35.74 43.15 39.42 41.39 40.77 39.88 
Avg. 48.75 34.31 31.83 36.60 44.66 40.43 41},. 64 44.42 40.71 
122° 
li" 47.70 21.98 37.34 40.72 39.72 34.30 31.61 • 35.17 36.07 
3" 51.28 32.78 40.03 40.72 38.46 33.97 31.08 34.50 37.85 
58.43 36.83 43.53 39.85 38.03 36.42 32.63 33.05, 39.82 ' 
Avg. 52.47 30.53 40.24 40.43 38.74 34.90 31.77 34.24 37.92 
1965-1966 
IT" 47.91 25.65 35.11 39.39 42.14 37.47 38.84 40.90 .38.43 
3" 49.41 34.65 35.89 38.36 42.36 37.59 38.78 40.18 39.65 
54.51 36.97 37.10 37.80 40.59 37.92 37.01 36.91 39.85 
Avg. 50.61 32.42 36.04 
00 
37.66 38.21 39.33 39.32 
Table 74. Analyses of variance of leaf arearleaf dry weight ratios during Period I for Empire 
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306.3044** 17.8806 Years (Y) 1 374.1418** 
19.9699 112.8570** Replications (R)/Y 6 162.0925** 
13.1044 225.4504* Treatments (T) 2 38.1028 
26.8204 .1801 Y X T 2 94.7240** 
15.4279 10.2551 Error (a) 12 12.8415 
421.8782** 581.3674** Dates (D) 7 672.3789** 
217.7244** 1381.9916** Y X D 7 330.8694** 
833.9144»* 164.9144** T X D 14 58.5136** 
1255.7164** 379.6424** Y X T X D 14 6.9781 









Trat. Date Tmt, Date Tmt, Date 
.69 .89 .57 .68 ,45 .64 
•F value significant at the ,05 level of probability, 
**F value significant at the .01 level of probability. 
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Table 75» Average stem length in inches during Period I for Empire birds-
foot trefoil cut to three heights - Ames, Iowa - 19^ 5i 19^ 6 
Weeks after cutting 
Tmt, 0 1 2 3 4 5 6 7 Avg. 
li" 2.6 2.1 2.4 4.8 7.2 10.3 13.6 "16.5 7.5 
3" 3.6 3.6 4.5 7.1 9.2 13.4 16.0 18.3 9.5 
5A 5.1 6.4 8.9 10.9 14.4 17.4 17.7 10.8 
Avg, 3.9 3.6 4.4 7.0 9.1 12.7 15.7 17.5 9.2 
l2Éà 
li" 2.9 2.0 3.6 4.7 8.2 8.8 9.3 10.3 6.2 
3" 3.7 3.6 5.0 6.8 9.4 10.5 11.9 12.6 8.0 
4i" 5.6 5.4 6.4 9.1 12.7 13.6 13.5 15.4 10.2 
Avg. 4.1 3.7 5.0 6.9 10.1 11.0 11.6 12.8 8.1 
1965-1966 
li" 2,8 2.1 3.0 4.8 7.7 9.6 11.5 13.4 6.9 
3" 3.7 3.6 4.7 7.0 9.3 12.0 14.0 15.4 8.7 
5.5 5.2 6.4 9.0 11.8 14.0 15.5 16.6 10.5 
Avg. 4.0 3.6 4.7 6.9 9.6 11.9 13.7 15.1 8.6 
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Table 76, Average stem length in inches during period II for Empire birds-
foot trefoil cut to three heights - Ames, Iowa - 19^ 5» 19^  ^
Weeks after cutting 
Tmt. 0 1 2 3 4 5 6 7 Avg. 
12^  
li" 3.1 2.7 2,6 3.6 4.0 4.7 5.3 6.1 4.0 
3" 4.7 3.7 4.1 4.5 5.1 6.0 6.7 8.4 5.4 
4" 5.8 5.2 5.7 6.5 6.7 7.6 8.2 9.4 6.9 
Avg. 4.5 3.9 4.1 4.9 
1966 
5.3 6.1 6.7 8.0 5.5 
IT" 2.2 2.0 2.1 2.8 3.4 4.6 5.1 6.1 3.5 
3" 4.6 4.6 4.8 4.6 5.3 6.5 8.0 7.9 5.8 
5.4 6.2 6.1 6.3 7.0 7.8 9.2 9.1 7.1 
Avg. 4.1 4.3 4.3 4.5 5.2 6.3 7.4 7.7 5.5 
1965-1966 
IT" 2.6 2.3 2.3 3.2 3.7 4.7 5.2 6.1 3.8 
3" 4.7 4.2 4.5 4.5 5.2 6.2 7.3 8.2 5.6 
4" 5.6 5.7 5.9 6.4 6.8 7.7 8.7 9.3 7.0 
Avg. 4.3 4.1 4.2 4.7 5.2 6.2 7.1 , 7.9 5.5 
Table 77, Correlation matrices for Period I Enpire birdsfoot trefoil data - Ames, lovra - I965» 19&6 
Roots Crcnms 
Characters tag "ïâc G./lOO tac tac G. /lOO Stem 




Roots TAG (S) -.30 -.47 1.00 
Roots TAC (g.) .16 — .01 .80* 1.00 
Roots g,/lOO plants 
Crovms TAC (^ ) 
.60 .04 .62 1.00 
-.47 -.66 .80* .48 -.26 1.00 • 
Croims TAC (g.) .00 —. 20 .62 .70 .33 .74* 1.00 
Crovms g./lOO plants .61 .66 -.38 .15 .80* -.54 .15 1.00 
Stand .16 .12 ,07 -.16 -.38 -.12 -.40 -.41 1.00 
Stem length .99** .94** -.33 .10 .57 -.52 ~,o6 , .60 .20 1.00 
12ÉÉ 
Yield 1.00 
LAI .88** 1.00 
Roots TAC (#) .53 .22 1.00 
Roots TAC (g.) .57 .23 1.00 
Roots g,/lOO plants 
Crovms TAC ($&) .33 
.12 .33 .59 1.00 
.61 .36 .96»* . 88** .27 1.00 
Crovms TAC (g.) .63 .43 .87** .86** .43 .93*» 1.00 
Crovms g./lOO plants .50 .47 .40 .51 .57 .48 .76* 1.00 
Stand .04 .05 .08 -.07 -.32 .07 -.16 -.46 1.00 
Stem length .98** .90** .48 .51 .29 .58 .63 .55 .02 1.00 
^Asterisks indicate significance at the .05 (*) a^id .01 (**) levels of probability. 







Roots TAC (^) 
Roots TAC (g.) 
Roots g,/lOO plants 
Crovms TAC 
Croifns TAC (g»)  





Rootr; TAC (^) 
Roots TAC (g.) 
Roots g./lOO plants 
Crovjns TAC (ff) 
Crovms TAC (g.) 













TAC TAC G./lOO TAC TAC G./lOO 




.88** .97** 1,00 
,60 .61 .76* 1.00 
.91** .97** ,94** .59 1.00 . 
.89** ,91** .76* .94*- 1.00 
M  .28 .41 .76* .34 ,60 1.00 
.05 .13 .07 — .10 .02 -.15 -.53 1,00 




.74* .92** 1,00 
.71* ,86** ,98** 1.00 
.33 .30 .54 .68 1.00 
.67 .92** ,98#* .97#* .53 1.00 
.57 ,84** .94*» .97** .66 .96** 1.00 
.14 .36 .52 .60 .76* .53 .71 1.00 
.35 kl9 .30 .25 .03 .25 .15 -.24 





^Asterisks indicate significance at the .05 (*) and ,01 (**) levels of probability. 





Roots TAC (^) 
Roots TAC (g.) 
Roots g./lOO plants 
Cro^-ms TAG (^) 
Crovms TAG (g.) 





Roots TAG (^) 
Roots TAG (g,) 
Roots g./lOO plants 
CroT-ms TAG (^) 
CroTrms TAG (g, ) 




TAG TAG G./lOO TAG TAG G,/100 Stem 




— ,30 -.47 1,00 
,16 -,01 .80* 1,00 
,60 
.57 ,04 ,62 1.00 
- M  -,66 ,80* ,48 -.26 1,00 
,00 -.20 ,62 ,70 ,33 ,74* 1.00 -
,61 ,66 -.39 ,15 .80* -.54 ,15 1,00 
.16 ,12 ,07 — ,16 -.38 -,12 -.40 -.41 1,00 




,53 ,22 1,00 
,57 ,23 .94»* 1.00 
,33 ,12 ,33 .59 1,00 
.61 .36 .96** .88** ,27 1.00 
.63 .43 ,87** .86** .43 .93** 
,50 ,47 ,'K) .51 .57 ,48 
,04 ,05 ,08 -.07 -,32 ,07 










^Asterisks indicate significance at the ,05 (*) and ,01 () levels of p.. obability. 
